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REPORT 

OF    THE 

COMMISSIONER  OF  FISHERIES. 


Department  of  Commerce, 

Bureau  op  Fisheries, 
Washington^  September  16^  1920, 

Sir:  I  have  the  honor  to  present  herewith  a  report  which  gives 
an  outline  of  the  major  operations  of  the  Bureau  of  Fisheries  during 
the  fiscal  year  ending  June  30,  1920.  The  Bureau's  functions  are 
comprehended  under  eight  captions,  namely,  relations  with  the  fishery 
industries,  biological  investigations,  propagation  and  distribution  of 
food  fishes,  artificial  propagation  of  fresh-water  mussels,  Alaska 
fishery  service,  Alaska  fur-seal  service,  minor  fur-bearing  animals 
of  Alaska,  and  general  administration  considerations,  for  each  of 
which  there  follows  a  brief  discussion.  A  number  of  special  reports 
covering  the  Bureau's  various  activities  have  been  issued  and  may  be 
consulted  by  those  who  desire  details. 

It  may  iJe  noted  that  the  Bureau  has  reached  the  fiftieth  year  of 
its  existence,  having  been  established  in  February,  1871.  Its  growth 
from  a  mere  commission  charged  with  investigatory  functions  has 
been  phenomenal,  and  the  half  century  closes  with  the  Bureau  oc- 
cupying a  larger  sphere  of  usefulness  than  ever  before  and  prepared 
to  render  a  more  important  service  to  the  fishing  industry  and  to  the 
general  public,  but  with  its  powers  curtailed  by  a  grossly  underpaid 
staff  ana  by  inadequate  appropriations  for  essential  features  ox  the 
work. 

FISHERY  INDUSTRIES. 
GENERAL  COKSIDERATIONS. 

The  general  condition  of  the  American  fisheries  may  be  character- 
ized as  unsettled.  While  the  world-wide  cry  has  been  for  increased 
food  production,  and  the  fisheries  have  responded  to  the  cry,  there  has 
been  an  underconsumption  of  fish  in  the  country  at  large,  and  mil- 
lions of  pounds  of  food  fish  have  been  wasted  or  put  to  economic 
uses  of  lesser  importance.  While  the  prices  of  foodstuffs  almost 
^thout  exception  were  rising  during  the  past  year,  in  at  least  one 
of  the  great  fisheries,  namely,  the  New  England  vessel  fisheries,  there 
isras  a  railing  off  in  prices  received  by  the  fishermen  as  compared  with 
theprevious  year. 

Tne  Bureau,  through  its  division  of  fishery  industries,  has  ren- 
dered meritorious  service  in  reducing  waste,  in  effecting  improvements 
in  methods  of  preservation  and  distribution^  in  securing  larger  pro- 
duction of  aquatic  products,  and  in  increasing  the  public  apprecia- 
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tion  of  and  demand  for  fish  as  food.  The  Bureau  is  in  position  to 
render  still  further  and  much-needed  service  in  various  fields.  It 
has  the  equipment,  the  directing  personnel,  the  conception  of  the 
problems,  and  the  knowledge  of  the  best  ways  of  approach.  The 
chi^  requirement  is  an  adequate  appropriation. 

The  past  year  has  been  noteworthy  for  the  increasing  attention 
given  to  the  commercial  possibilities  of  the  fishery  industries,  to  pro- 
viding means  for  increasing  production,  to  effecting  improvements 
in  preparation  of  the  products  for  market,  and  to  the  saving  of  the 
by-products  of  the  fisheries  for  use  in  the  arts  and  industries.  This 
widespread  interest  has  resulted  in  increasing  the  demands  upon  the 
Bureau  for  trustworthy  and  detailed  information  regarding  the  fish- 
eries, products,  and  processes ;  for  the  conduct  of  technological  in- 
vestigations which  properly  come  within  its  sphere  of  operations; 
and  tor  guidance  and  assistance  in  the  upbuilding  of  certain  fisheries 
without  endangering  the  harvests  of  the  future.  Because  of  its 
limited  appropriations  it  has  been  unable  to  meet  many  of  these 
demands  in  the  manner  they  deserve.  This  is  especially  true  of  the 
calls  for  various  technolo^cal  investigations  to  solve  difficulties 
encountered  in  the  preservation  or  utilization  of  certain  fishery  prod- 
ucts and  for  educating  the  public  as  to  the  merits  of  fish  as  food, 
particularly  the  little-known  varieties.    For  lack  of  such  work  large 

3uantities  of  valuable  protein  food,  the  high-priced  element  of  our 
iet,  are  being  wasted  at  a  time  when  there  is  particular  need  for  the 
practice  of  economy  and  saving. 

The  Bureau  has  conducted  a  number  of  important  investigations, 
as,  for  example,  a  study  of  the  basic  principles  governing  the  pres- 
ervation of  nsh  with  salt,  experiments  in  the  recovery  or  oM  brine 
and  salt  for  reuse,  development  of  methods  of  canning  the  Pacific 
mackerel  and  other  abundant  but  neglected  fishes  of  the  west  coast, 
preliminary  studies  of  some  features  of  freezing  fish  in  brine,  and 
the  possibilitjr  of  producing  pearl  essence  from  the  scales  of  native 
fishes.  Practical  application  of  the  results  of  its  investigation  in 
the  salting  of  fish  have  been  made  and  canners  have  been  supplied 
with  information  gained  in  its  temporary  canning  laboratory  at  San 
Pedro,  Calif.  Material  aid  has  been  given  in  the  development  of 
certain  fisheries,  such  as  those  for  sharks  and  porpoises ;  in  increasing 
the  use  of  by-products  of  the  fisheries ;  in  extending  the  production 
of  fish  oil,  scrap,  meal,  leather,  etc.;  in  determining  to  what  uses 
various  products  are  b€»t  suited;  and  in  supplying  information  re- 
garding sources  of  supply  and  possible  markets  for  the  finished 
products.  A  study  of  foreign  methods  of  preserving  nets  has  been 
made  and  a  paper  has  been  prepared  for  publication  for  the  use  of 
our  fishermen  m  effecting  economies  in  their  expenditures  for  nets. 
Encouragement  has  been  given  to  determining  the  practicability  of 
using  seaplanes  in  locating  schools  of  fish,  and  arrangements  nave 
been  made  through  the  Navy  Department  for  sending  out  planes  for 
this  purpose  to  enable  those  in  the  industry  to  determine  their  value 
as  a  commercial  undertaking. 

In  the  collection  and  dissemination  of  statistical  information 
regarding  the  fisheries  more  has  been  accomplished  than  in  any 
recent  year.  The  Bureau  has  conapleted  a  canvass  of  the  coastal 
fisheries  of  the  South  Atlantic  and  Gulf  States  for  the  calendar  year 
1918  and  has  prepared  for  publication  detailed  statistics  of  fisheries 
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of  the  Gulf  States  for  that  year  and  of  the  fisheries  of  the  Great 
Lakes  for  1917,  together  with  the  results  of  canvasses  of  the  shad 
fishery  of  the  Hudix^n  Biver  and  of  the  shad  and  herring  fisheries  of 
the  rotomac  River  for  1919,  completed  during  the  year.  The 
monthly  returns  of  the  quantities  and  values  of  the  fish  landed  at 
Boston  and  Gloucester,  Mass.,  Portland,  Me.,  and  Seattle,  Wash.,  by 
American  and  Canadian  vessels  have  been  collected  by  local  agents, 
tabulated,  and  published  as  monthly  and  annual  bulletins  for  the  use 
of  the  trade  and  to  serve  as  a  permanent  record  of  the  condition  and 
trend  of  these  important  fisheries.  Through  the  courtesy  of  the 
Health  Department  of  the  District  of  Coluinbia  the  Bureau  has  con- 
tinued to  receive  daily  reports  of  the  quantity  of  fishery  products 
received  at  the  municipal  fish  wharf  and  market  at  Washington,  D.  C. 
These  have  been  tabulated  for  the  calendar  year  1919  for  publication. 
In  addition  a  canvass  of  the  fisheries  of  the  New  England  States 
for  1919  has  been  begun. 

A  report  of  the  work  of  this  division  for  the  calendar  year  1919 
contaimn^  a  detailed  account  of  investigations,  the  relations  of  the 
Bureau  with  the  fisheries,  and  full  statistical  tables  and  discussions, 
has  been  prepared  by  the  assistant  in  charge  and  issued  as  a  public 
document  entitled  "  Fishery  Industries  of  the  United  States :  Keport 
of  the  Division  of  Statistics  and  Methods  of  the  Fisheries  for  1919." 
Persons  desirous  of  obtaining  such  detailed  information  should  con- 
salt  this  report. 

UTILIZATION  OF  BT-PRODUOTS  OP  THE  FISHERIES. 

Inadequacy  of  supply  of  various  nonfishery  products  has  mate- 
riallv  increased  the  demand  for  by-products  of  the  fisheries  possessing 
similar  qualities.  To  this  class  belong  fish  oils  for  admixture  with 
other  drying  oils  in  the  manufacture  of  paints  and  varnishes,  for 
purposes  of  nydrogenation  and  the  like ;  fish  scrap  for  use  as  an  in- 
^euient  in  fertilizer;  meal  for  use  as  an  animal  feed;  leather  made 
from  fish  hides ;  andpoultry  grit  from  ground  oyster  shells.  To  meet 
these  demands  the  Bureau  has  given  a  larger  measure  of  attention 
to  encouraging  the  saving  of  the  by-produ(Ss  of  the  fisheries,  to  the 
solution  of  problems  arising  from  efforts  to  put  these  products  to 
new  and  more  important  economic  uses,  and  to  supplying  informa- 
tion regarding  sources  of  supply,  methods  of  manufacture,  uses,  and 
markete. 

Analyses  have  been  made  of  the  body  and  liver  oils  of  various  spe- 
cies of  sharks  and  skates,  albacore  or  tuna,  and  yellow-tail  oils  to 
determine  more  definitely  their  properties  and  possible  uses.  Sarnples 
of  these  oils  were  also  furnished  the  educational  bureau  of  the  Paint 
Manufacturers'  Association  of  the  United  States  to  determine  their 
suitability  for  use  in  the  manufacture  of  paints  and  varnishes.  From 
drjring  tests  of  tuna  oil  made  by  the  director  of  that  association,  it 
appears  that  this  oil  dries  even  more  rapidJy  than  linseed  oil.  The 
yield  of  oil  from  the  tuna  fisheries  in  southern  California  in  1919  is 
estimated  at  sli^htlv  in  excess  of  100,000  gallons.  The  oil  of  the  yel- 
low-tail {SerioTa  dorsalis)  proved  as  satisfactory  as  menhaden  oil 
but  was  not  the  equal  of  tuna  oil  for  drying  purposes. 

Persons  employed  in  the  fisheries  have  been  urged  to  convert  unutil- 
ized stocks  or  fiai  waste  into  scrap  for  fertilizer,  or  preferably  into 
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fish  meal,  with  the  result  that  provision  is  being  made  for  the  more 
extended  saving  of  this  material.  For  example,  until  recently  not 
more  than  half  of  the  waste  from  the  shrimp  industry  of  the  South 
Atlantic  and  Gulf  States  was  saved,  being  converted  into  fertilizer 
which  commanded  a  relatively  low  price.  Peeding  tests  made  by  the 
Bureau  of  Animal  Industry  of  tjie  Department  of  Agriculture  in 
cooperation  with  the  Bureau  of  Fisheries  indicate  that  shrimp  bran, 
properly  prepared,  is  fully  the  equal  of  fish  meal  for  feeding  hogs. 
This  information  has  been  brought  directly  to  the  attention  of  per- 
sons in  the  shrimp  industry^  and  improved  methods  for  the  prepara- 
tion of  shrimp  bran  are  oeing  perfected,  resulting  in  the  saving  of 
much  larger  quantities  of  this  valuable  material  than  formerly. 
From  analyses  it  appears  that  shrimp  meal  may  be  expected  to  con- 
tain from  43  to  47  per  cent  of  protein.  There  are  indications  that  as 
feed  it  possesses  other  properties  which  tend  to  increase  its  value  for 
such  purposes. 

As  a  direct  result  of  these  activities,  in  excess  of  2,500  tons  of  men- 
haden meal  and  shrimp  meal  were  produced  ;n  1919,  with  prospects 
for  a  rapid  annual  increase  in  the  output  of  these  commodities  in 
regions  where  heretofore  they  were  unknown.  In  this  field  the 
Bureau  has  continued  to  receive  effective  cooperation  from  the  Bu- 
reau of  Animal  Industry  in  the  conduct  of  feeding  tests  of  various 
kinds  of  fish  meals,  in  deciding  their  suitability  for  feeding  purposes, 
and  in  bringing  to  the  attention  of  hog  growers  the  value  of  tnese  pro- 
tein feeds.  To  properly  safeguard  the  industry  a  number  of  addi- 
tional feeding  tests  nave  been  arranged  for  and  will  be  started  in  the 
near  future.  These  will  include  shrimp  meal  from  drying  platforms, 
shark  meal,  meal  made  from  fish  cuttings,  and  meals  containing  high 
percentages  of  oil  or  made  from  decomposed  fish. 

Satisfactory  progress  in  the  production  of  leather  from  fishskins 
and  the  establishment  of  fisheries  for  sharks  and  other  unused  aquatic 
animals  are  to  be  recorded,  and  provision  has  been  made  for  determin- 
ing more  definitely  the  special  properties  of  such  leathers  for  the  use 
of  the  trade.  It  is  to  be  noted  that  the  demand  for  dried  shark  fins, 
which  the  Bureau  has  stimulated,  now  exceeds  the  supply.  The  re- 
ceipt of  this  commodity  at  San  Francisco,  the  center  of  the  industry 
on  the  Pacific  coast,  amounts  to  about  5  tons  per  month,  much  the 
larger  portion  being  imported  from  the  west  coast  of  Mexico.  Per- 
sons engaged  in  fisheries  for  sharks  or  fisheries  in  which  sharks  are 
incidentally  taken  are  bein^  urged  to  save  all  parts  of  these  fishes 
and  are  furnished  with  detailed  information  on  tne  subject 

INVESTIGATION  CONCERNING  PRESERVATION  OF  FISH  WITH  SALT. 

The  preliminary  investigation  of  the  principles  of  preserving  fish 
with  salt  has  been  comr^leted  and  the  results  have  been  published  (as 
Bureau  of  Fisheries  Document  No.  884)  and  made  available  to  all 

Eersons  interested  in  the  subject.  This  work  has  been  of  material 
enefit  in  clarifying  our  knowledge  of  the  factors  influencing  salting 
processes,  and  therefore  in  pointing  the  way  to  possible  improve- 
ments in  existing  practices.  Among  other  things  it  has  shown  that 
the  purer  salts,  which  contain  only  a  fractional  per  cent  of  impurities 
such  as  lime  and  magnesium,  penetrate  the  tissues  of  the  fish  more 
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rapidly  than  salts  containing  a  higher  percentage  of  such  impuri- 
ties; and  that  salt  penetratS^  fish  packed  in  dry  salt  faster  than 
if  packed  in  brine,  and  through  the  flesh  faster  than  through  the 
skin,  thus  revealing  the  value  of  cutting  or  splitting  the  fish.  As 
the  blood  spoils  at  a  lower  temperature  than  the  flesh,  it  is  impor- 
tant to  thoroughly  wash  out  the  blood  if  the  salting  is  attempted  at 
high  temperatures.  The  investigation  was  conducted  on  a  laboratory 
scale,  and  did  not  include  studies  of  the  factors  determining  the  length 
of  time  salted  fish  will  keep  or  other  important  lines  of  research,  such 
as  determinations  of  the  fat  content  of  fish,  the  practicability  of 
improving  the  general  quality  of  salt  fish,  and  means  for  increas- 
ing the  demand  for  such  products  by  the  consuming  public.  Such 
investigations  may  be  expected  to  reveal  means  for  preventing  or 
safeguarding  against  spoilage  and  in  other  ways  render  the  industry 
material  service. 

One  of  the  objects  of  the  original  investigation  was  to  determine 
the  practicability  of  salting  fish  at  high  temperatures,  and  therefore 
in  warm  climates.  To  give  practical  application  to  the  results,  the 
Bureau  gave  demonstrations  of  its  methods  to  fishermen  at  points  in 
Florida,  where  previous  attempts  at  salting  by  the  usual  practices  had 
resulted  in  failure  through  the  spoilage  of  the  product.  For  this 
work  it  employed  It  practical  Salter,  with  many  years'  experience  in 
salting  river  herring,  gave  him  careful  training  in  its  methods  and 
objects,  and  detailed  him  to  Florida  to  instruct  fishermen  desirous 
of  salting  river  herring  in  this  manner.  As  a  result  80,000  fish  were 
successfully  salted,  and  brokers  and  dealers  handling  the  product 
expressed  themselves  as  highly  pleased  with  its  quality.  As  indica- 
tive of  the  importance  of  adhering  rigidly  to  the  method  prescribed, 
it  should  be  noted  that  every  attempt  of  the  packers  to  depart  from 
that  method  resulted  in  the  loss  of  the  fish.  The  salting  of  the  fish 
was  so  successful  that  the  packers  are  preparing  to  engage  in  this 
new  branch  of  the  industry  on  a  large  scale,  so  as  to  make  possible 
the  shipment  of  fish  in  car.lots. 

PRESERVATION  OF  FISHERY  PRODUCTS  BY  CANNING. 

Since  May,  1919,  the  Bureau  has  been  conducting  at  San  Pedro, 
Calif.,  experiments  in  the  preservation  of  fishery  products  by  canning. 
It  has  devoted  its  attention  particularly  to  little  used  fishery  products 
for  which  satisfactory  cannmg  methods  have  been  lacking  and  to  the 
establishment  of  standard  methods  which  will  yield  standard  packs. 
The  mackerel  {Scomher  japonicua)^  an  abundant  fish  but  little 
esteemed  on  the  California  coast,  has  received  more  consideration 
than  other  species.  Over  80  different  packs  of  this  fish  have  been 
put  up  and  subjected  to  careful  examination,  with  the  result  that  a 
number  of  promising  methods  have  been  developed,  several  of  which 
have  been  released  for  the  use  of  the  trade.  Other  species  experi- 
mented with  are  bonito,  barracuda,  pilchard,  sea  bass,  smelt,  tunas, 
and  yellow-tail,  several  hundred  packs  of  the  various  species  having 
been  put  up  and  held  in  storage  for  examination  periodically.  A 
nmnber  of  special  problems  have  been  encountered  m  the  course  of 
this  work  which  inay  require  rather  extended  study  before  a  solution 
is  found,  as,  for  example,  the  unpleasant  odor  and  taste  in  canned 
bonito  and  the  detinning  of  cans  m  packs  of  such  fish  as  the  barra- 
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cuda.  A  vital  desideratum  of  the  Bureau,  if  it  is  to  fulfill  its  func- 
tions and  render  the  largest  measure  of  service  to  the  fisheries,  is  ade- 
quate provision  in  the  matter  of  personnel  and  funds  to  enable  it  to 
render  the  canning  industry  of  all  sections  aid  in  the  preservation  of 
crabs,  shrimps,  turtles,  and  certain  fishes,  and  determining  more 
definitely  the  possibility  of  applying  newer  methods  in  the  case  of 
staple  canned  fishery  products.  The  need  for  accurate  data  in  these 
fields  is  well  shown  by  the  large  number  of  requests  that  the  Bureau 
receives. 

PRESERVATION  OF  FISH  NETS. 

Outside  of  Norway  very  little  investigation  or  experimentation  has 
been  done  on  the  preservation  of  fish  nets.  In  that  country  consider- 
able attention  has  been  given  to  developing  new  methods  and  improv- 
ing old  ones.  This  important  means  of  economizing  in  the  expense 
of  nets  seems  to  have  been  neglected  in  the  United  States,  where  the 
.only  preservative  employed  to  a  considerable  extent  is  tar,  the  use  of 
which  is  confined  to  the  coarser  kinds  of  nets.  As  a  basis  for  future 
investigative  work  and  for  the  immediate  benefit  of  the  American 
fisheries,  one  of  the  Bureau's  assistants  has  reviewed  the  literature 
on  the  subject,  assembling  important  scientific  data  and  tests  for  pub- 
lication. Some  of  the  more  common  and  efficacious  preservatives 
used  for  such  purposes  are  catechu,  quercitron,  or  other  tanning  ex- 
tract, linseed  oil,  tar,  and  soap,  followed  by  soaking  in  a  solution  of 
copper  sulphate. 

It  may  be  pointed  out  that  one  of  the  important  functions  of  the 
Bureau  is  to  make  available  to  fishermen  the  scientific  and  practical 
experiences  of  foreign  countries.  Through  such  studies  of  the  for- 
eign literature,  results  of  great  value  may  be  obtained  for  direct  use 
in  the  industry  or  as  the  basis  for  additional  experimental  work  in 
our  fishery  products  laboratory. 

USE  OF  AEROPLANES  IN  THE   FISHERIES. 

The  possibility  of  practical  use  of  aeroplanes  in  various  branches 
of  the  fisheries  is  one  of  the  most  interesting  developments  in  avia- 
tion. The  most  obvious  purpose  that  aeroplanes  may  serve  is  in 
the  offshore  fisheries  in  determining  the  location  of  whales  and 
schools  of  surface-swimming  fishes,  like  mackerel  and  menhaden,  and 
in  promptly  communicating  this  information  to  fishing  vessels  or  to 
shore  stations.  Other  uses  of  aircraft  in  connection  with  the  fishing 
industry  will  doubtless  arise. 

In  April,  1920,  it  was  suggested  to  menhaden  companies  operating 
in  the  Chesapeake  Bay  region  and  having  vessels  that  frequent  the 
grounds  off  the  Virginia  capes  that  seaplanes  might  be  used  advan- 
tageously in  helping  the  fishermen  find  fish.  Desirous  of  determin- 
ing the  practicability  of  the  commercial  use  of  aeroplanes  in  the 
fisheries,  the  Bureau  was  instrumental  in  bringing  about  an  arrange- 
ment between  the  Naval  Aviation  Service  and  the  menhaden  fisher- 
men whereby  naval  seaplanes  were  made  available  for  observation 
flights  in  quest  of  menhaden.  Subsequently  radio  apparatus  was 
installed  on  two  menhaden  vessels  and  at  a  factory  on  Chesapeake 
Bay,  so  as  to  be  able  to  communicate  with  the  seaplanes;. the  offshore 
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fishing  grounds  were  blocked  off  in  numbered  squares  on  charts; 
and  two  naval  seaplanes,  each  with  a  fisherman-observer,  have  been 
traversing  the  fishing  areas  and  reporting  the  location  of  schools 
of  fish.  The  early  results  have  been  satisfactory,  as  the  seaplanes 
have  readily  found  fish  and  acquainted  the  fishermen  with  their  loca- 
tion and  abundance,  thus  saving  much  time  and  expense  that  would 
ordinarily  be  required  for  cruising. 

If  this  experiment  continues  to  meet  with  the  initial  success,  there 
is  reason  to  believe  that  aeroplanes  may  take  a  permanent  place  in 
the  menhaden  fishery  and  doubtless  in  other  branches.  Inasmuch  as 
the  investment  in  planes  and  radio  apparatus  and  the  salaries  of 
observers,  pilots,  and  radio  operators  might  be  too  burdensome  for 
a  single  company  to  assume,  it  may  be  to  the  advantage  of  the  indus- 
try for  communities  or  groups  of  interests  to  provide  for  such  service 
in  common. 

MISCELLANEOUS  INVESTIGATIONS. 

In  addition  to  the  technological  studies  already  mentioned,  the 
Bureau  has  supplied  many  inquirers  with  information  and  helpful 
suggestions  regarding  technological  methods  and  processes,  thereby 
rendering  an  important  service  in  the  upbuilding  of  the  industry. 
The  Bureau  also  has  given  attention  to  the  development  of  methods 
for  the  recoverv  and  reuse  of  salt  and  brine  that  have  been  employed 
in  preserving  nsh ;  to  an  examination  of  possibilities  of  certain  for- 
eign methods  of  freezing  fish  in  brine ;  to  the  methods  of  producing 
pearl  essence  from  the  silvery  scales  of  native  fishes,  and  to  tests  or 
the  practicability  of  putting  noncommercial  sponges  to  commercial 
use.  Pearl  essence  or  liquid  nacre  ("essence  d'orient")  which  is 
claimed  to  be  superior  to  the  imported  product,  of  which  large  quan- 
tities are  consumed  in  the  United  States,  is  now  being  made  from  the 
scales  of  river  herring.  The  prices  received  by  the  fishermen  are 
sufficiently  high  to  induce  them  to  save  this  hitherto  waste  product. 

The  equipment  of  the  fishery-products  laboratory  in  Washington 
has  served  the  needs  not  only  of  the  Bureau's  own  investigators  but 
of  other  branches  of  the  Government  service.  For  example,  use  has 
l)een  made  of  its  brine-freezing  plant  by  representatives  of  the  Bu- 
reau of  Plant  Industry  for  freezing  strawberries  and  cherries  for 
comparison  with  the  air- frozen  product,  and  its  air- freezing  plant  by 
the  Bureau  of  Standards  for  the  .conduct  of  tests  under  various  low- 
temperature  conditions. 

NEW  ENGLAND  VESSEL  FISHERIES. 

Through  its  local  agents  at  Boston,  Gloucester,  and  Portland,  the 
Bureau  has  obtained  and  disseminated  statistical  and  other  informa- 
tion regarding  the  great  vessel  fisheries  centering  at  those  ports. 
These  fisheries  in  1919  were  in  a  prosperous  condition,  althougn  the 
number  of  trips  and  catch  were  not  so  large  as  in  the  previous  year. 

During  the  calendar  year  1919  this  fleet  numbered  523  sail,  steam, 
and  gasoline  screw  vessels,  including  25  American  and  2  Canadian 
steam  trawlers.  These  vessels  landed  at  Boston  2,754  trips,  aggre- 
p:ating  103,391,370  pounds  of  fish,  valued  at  $4,713,350;  at  Gloucester 
2,965  trips,  aggregating  71,370,957  pounds,  valued  at  $2,145,592 ;  and 
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at  Portland  2,550  trips,  aggregating  21,718,943  pounds,  valued  at 
$689,441.  The  total  for  the  three  ports  was  8^69  trips,  aggregating 
196,481,270  pounds  of  fresh  and  salted  fish,  having  a  value  to  the 
fishermen  of  $7,548,383. 

The  foregoing  total  includes  39  trips,  26  at  Boston  and  13  at  Port- 
land, landed  bv  nine  Canadian  fishing  vessels,  comprising  3,296,147 
pounds  of  fresh  fish,  valued  at  $106,261.  Of  this  quantity,  1,191,845 
pounds,  valued  at  $53,653,  were  landed  at  Boston,  and  2,104.302 
pounds,  valued  at  $52,608,  ati  Portland.  There  was  a  decrease  of  12 
vessels,  21  trips,  and  2,306,602  pounds  in  Quantity  and  $112,364  in  the 
value  of  the  products  as  compared  with  the  previous  year's  status  of 
this  Canadian  fishery.  These  fish  were  brought  into  our  ports  in  ac- 
cordance wit}i  an  arrangement  with  the  Canadian  Government,  as  an 
emergency  war  measure  granting  reciprocal  privileges  to  fishing 
vessels,  by  which  Canadian  fishing  vessels  were  permitted  to  land 
their  fares  at  American  ports  direct  from  the  fishing  rounds.  Cana- 
dian fishing  vessels  began  to  utilize  this  privilege  in  April,  1918,  and 
the  arrangement  is  still  in  operation. 

During  the  year  1919,  24  American  fishing  vessels  made  29  trips 
with  434,486  pounds  of  fish  at  Canadian  ports  on  the  Atlantic  coast, 
of  which  8  trips  by  8  vessels  comprising  312,036  pounds  were  landed 
at  Halifax,  Nova  Scotia.  Incidentally,  it  may  be  noted  that  under 
the  reciprocal  arrangement  173  American  fishmg  vessels  landed  915 
trips,  amounting  to  12,258,522  pounds,  at  Canadian  ports  on  the 
Pacific  coast,  of  which  889  trips  by  154  vessels,  ag^egating  10,804- 
522  pounds,  were  discharged  at  Prince  Eupert,  British  Columbia. 

Compared  with  the  previous  year,  there  was  a  decrease  of  481 
trips,  or  5.49  per  cent,  in  the  total  number  landed  by  the  fishing  fleet 
at  Boston,  Gloucester,  and  Portland,  and  of  9,019,883  pounds,  or 
4.38  per  cent,  in  the  quantity,  and  $2,983,165,  or  28.32  per  cent,  in 
the  value  of  the  fish  landed.  The  only  important  species  showing 
an  increase  in  catch  over  the  previous  year  were  haddock  and  halibut. 
The  catch  of  haddock  increased  16,044,644  pounds,  or  24.06  per  cent, 
in  quantity,  but  decreased  $405,338,  or  12.66  per  cent,  in  value,  while 
the  yield  of  halibut  increased  333,657  pounds,  or  18.73  per  cent,  in 
quantity  and  $84,911,  or  28.09  per  cent,  in  value.  The  production  of 
cod  decreased  6,450,007  pounds^  or  8.98  per  cent,  in  quantity  and 
$1,034,024,  or  28.58  per  cent,  in  value;  hake,  941,353  pounds,  or 
17.82  per  cent,  in  quantity  and  $92,032,  or  33.70  per  cent,  in  value ; 
poUocK,  7,808,653  pounds,  or  29.39  per  cent,  in  quantity  and  $581,570, 
or  60.44  per  cent,  in  value ;  cusk,  595,062  pounds,  or  22.38  per  cent, 
in  quantity  and  $40,862,  or  39.65  per  cent,  in  value;  mackerel, 
4,445,271  pounds,  or  43.75  per  cent,  in  quantity  and  $641,682,  or 
53.97  per  cent,  in  value;  herring,  4,637,077  pounds,  or  30.92  per 
cent,  in  quantity  and  $220,894,  or  47.94  per  cent,  in  value;  sword- 
fish,  151,364  pounds,  or  14.63  per  cent,  in  quantity  and  $10,824,  or 
4.84  per  cent,  in  value;  tilefish,  265,910  pounds,  or  88.80  per  cent, 
in  quantity  and  $18,772,  or  92.71  per  cent,  in  value ;  and  the  various 
other  species  combined,  103,487  pounds,  or  2.44  per  cent,  in  quantity 
and  $22,078,  or  12.16  per  cent,  in  value.  The  catch  of  Newfoundland 
herring  decreased  2,885,047  pounds,  or  45.17  per  cent,  in  quantity 
and  $142,090,  or  42.81  per  cent,  in  value.  The  quantity  of  tilefish 
landed  at  Boston  was  very  small,  amounting  to  only  33,610  pounds, 
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valued  at  $1,474,  as  compared  with  299,420  pounds,  valued  at  $20,246, 
the  previous  year. 

The  products  lajided  at  Boston  and  Gloucester,  Mass.,  and  Port- 
land, Me.,  by  fishing  vessels  each  year  are  taken  principally  from 
fishing  grounds  lying  off  the  coast  of  the  United  States.  In  the 
calendar  year  1919,  71.72  per  cent  of  the  quantity  and  70.64  per 
cent  of  the  value  of  the  catch  discharged  at  these  ports  by  American 
and  Canadian  fishing  vessels  were  taken  from  these  grounds;  2.93 
per  cent  of  the  quantity  and  4.61  per  cent  of  the  value,  consisting 
largely  of  herring,  were  taken  from  grounds  off  the  coast  of  New- 
foundland; and  25.33  per  cent  of  the  quantity  and  24.74  per  cent 
of  the  value  from  grounds  off  the  Canadian  Provinces.  Newfound- 
land herring  constituted  1.78  per  cent  of  the  quantity  and  2.51  per 
cent  of  the  value  of  the  products  brought  in  during  the  year.  The 
herring  were  taken  on  the  treaty  coast  of  Newfoundland,  and  the 
cod,  haddock,  hake,  halibut,  and  other  species  from  that  region  were 
obtained  from  fishing  banks  on  the  high  seas.  All  fish  caught  by 
American  fishing  vessels  off  the  coast  of  the  Canadian  Provinces  were 
from  offshore  nshing  grounds. 

Supremacy  in  the  New  England  fisheries  is  usually  assumed  by  the 
cod,  with  the  haddock  rankmg  second.  In  1919,  however,  the  had- 
dock took  first  place,  with  82,716,185  pounds,  valued  at  $2,793,938. 
The  yield  of  cod  was  65,374,420  pounds,  valued  at  $2,583,181.  The 
next  most  important  of  the  ground  fish  is  the  halibut,  of  which 
2,114,661  pounds,  valued  at  $387,191,  were  taken.  Pollock  showed 
a  marked  decrease  from  1918 ;  only  18,751,967  pounds,  valued  at  $380,- 
515,  were  secured,  as  against  26,560,620  pounds,  worth  $962,085,  in 
the  previous  year.  •  A  noteworthy  advance  in  production,  indicating 
a  growing  demand,  was  in  the  catch  of  flounders,  the  increase  over 
the  previous  year  being  over  77  per  cent  in  quantity  and  108  per  cent 
in  value.  The  total  catch  of  mackerel  was  53,992  barrels,  a  decline 
of  more  than  15,000  barrels  from  1918.  The  catch  of  salt  mackerel 
was  only  7,000  barrels  compared  with  over  13,000  barrels  the  year 
before.  The  total  quantity  of  mackerel  landed  at  the  three  ports 
was  5,713,196  pounds,  valued  at  $547,242,  of  which  4,314,770  pounds, 
worth  $427,104,  were  fresh.  Both  purse-seine  and  gill-net  vessels 
in  the  southern  mackerel  fishery  in  1920  had  one  of  the  best  seasons 
on  record.  The  fish  caught  weighed  from  1^  to  3^  pounds,  averaging 
about  2  pounds,  and  sold  from  8  to  22  cents  per  pound,  according  U> 
market  conditions.  In  May  there  was  a  large  body  ox  mackerel  off 
South  Shoal  Lightship,  and  tiie  receipts  at  Boston  landed  by  vessels 
were  larger  than  for  the  same  month  in  any  recent  year.  The  catch  on 
the  Cape  Shore  was  disappointing;  the  weather  was  foggy,  and  the 
fish  were  well  offshore,  wild,  and  hard  to  catch.  The  total  yield  of 
mackerel  up  to  July  1  was  60,842  barrels  fresh  and  3,357  barrels 
salted,  compared  with  38,787  barrels  fresh  and  6,452  barrels  salted 
the  previous  year. 

VESSEL  FISHERIES  OF  SEATTLE. 

The  fishing  fleet  at  Seattle,  Wash.,  landed  670  trips  during  the 
year  1919,  consisting  of  13,651,020  pounds  of  iresh  fish,  having  a 
value  to  the  fishermen  of  $1,680,284,  from  fishing  grounds  along  the 
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coast  from  Oregon  to  Alaska.  The  largest  quantities  were  taken 
fr6m  Grays  Harbor  grounds,  Flattery  Banks,  west  coast  of  Van- 
couver Island,  Hecate  Strait,  and  Yafcutat  grounds.  The  products 
included  halibut,  11,110,720  pounds,  valued  at  $1,422,519;  sablefish, 
1,553,600  pounds,  valued  at  $74,290;  "lingcod,"  723,000  pounds, 
valued  at  $24,433;  and  rockfishes,  263,700  pounds,  valued  at  $9,042. 
Compared  with  the  previous  year  there  was  a  decrease  of  164  trips 
by  fishing  vessels,  and  of  20.13  per  cent  in  the  quantity  and  18.98 
per  cent  in  the  value  of  the  products.  The  catch  of  halibut  increased 
8.46  per  cent  in  quantity,  but  decreased  6.95  per  cent  in  value.  There 
was  a  lar^e  falling  off  in  the  catch  of  sablefish,  "  lingcod,"  and  rock- 
fishes,  owing  chiefly  to  a  smaller  demand  than  in  the  previous  year. 

The  fishery  products  taken  in  Puget  Sound  and  tributary  waters 
and  landed  by  collecting  vessels  during  the  year  amounted  to  11,- 
809,450  pounds,  f  alued  at  $983,819.  This  quantity  included  10,- 
387,703  pounds  of  salmon,  valued  at  $902,7lY,  and  the  remainder 
consisted  of  steelhead,  pilchard,  smelt^  rockfishes,  cod,  flounders, 
crabs,  and  other  species.  Compared  with  the  previous  year,  there 
was  an  increase  in  the  products  landed  by  collecting  vessels  or  11.35 
per  cent  in  quantity  and  7.80  per  cent  in  value. 

SHAD  FISHERY  OF  THE   HUDSON  RIVER. 

According  to  a  special  canvass  conducted  by  the  Bureau,  consid- 
erable improvement  in  the  shad  fishery  of  the  Hudson  River  in  1919 
is  to  be  reported.  The  number  of  fish  taken  in  recent  years  was  as 
follows:  1915—15,855,  value  $8,643;  1916—9,287,  value  $5,465;  1917— 
12,015,  value  $6,540;  1918—67,403,  value  $48,184;  and  1919—90,301, 
value  $83,724.  In  1919  there  were  299  men  engaged  in  the  fishery, 
employing  158  boats  representing  a  value  of  $6,700 ;  373  gill  nets  with 
a  value  of  $15,269 ;  12  seines,  valued  at  $1,700,  and  shore  and  accessory 
property  valued  at  $7,920 ;  a  total  investment  of  $31,589.  The  catch 
of  90,301  fish  weighed  374,974  pounds,  of  which  76,501  shad  or  301,306 
pounds,  valued  at  $60,690,  were  taken  on  the  New  York  side  of  the 
river  and  13,800  fish  or  73,668  pounds,  valued  at  $23,034,  on  the 
New  Jersey  side. 

The  Bureau  plans  to  continue  taking  a  yearly  canvass  of  this 
fishery  of  the  Hudson  River  where,  in  the  absence  of  fish-cultural 
operations,  dependence  for  tjie  rehabilitation  of  the  fishery  rests  on 
natural  production  and  local  protective  measures. 

/  SHAD  AND  ALEWIFE  FISHERIES  OF  THE  POTOMAC  RIVER, 

The  Bureau  has  undertaken  a  yearly  canvass  of  the  shad  fishery 
and  the  closely  associated  alewife  or  river-herrinff  fishery  of  the 
Potomac  River,  a  river  in  which  extensive  shad-cultural  operations 
are  being  conducted.  In  1919  the  number  of  persons  engaged  was 
789,  emploving  614  boats,  valued  at  $80,685 ;  using  306  pound  nets, 
valued  at  $159,810;  and  267  gill  nets  and  one  haul  seine,  valued  at 
$26,761.  The  shore  and  accessory  property  was  valued  at  $610,  and 
the  total  investment  was  $267,866.  The  number  of  shad  taken  was 
544,469,  or  2,040,473  pounds,  valued  at  $332,397.  The  number  of 
alewives  taken  was  8,867,902,  or  3,676,921  pounds,  valued  at  $61,016. 
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The  number  and  value  of  shad  taken  in  this  river  for  various 
years  from  1896  to  1919  was  as  follows:  1896—684,063,  $63,608; 
1901-794,462,  $119,366:  1904—372,647,  $68,052;  1909—203,971, 
$53,732;  1915—182,402,  $72,127;  and  1919—544,469,  $332,397.  The 
added  protection  afforded  these  fish  in  recent  years  by  restricting 
the  distance  from  shore  at  whieh  the  fixed  nets  may  be  set,  supple- 
mented by  active  operations  of  the  hatchery  at  Bryans  Point,  Md., 
has  apparently  been  of  direct  benefit  to  the  fishery,  which  is  very 
intense,  owing  to  the  prevailing  high  prices. 

FISHERIES  OF  THE  GREAT  LAKES  STATES. 

The  Bureau's  complete  statistical  canvass  of  the  commercial  fish- 
eries of  the  Great  Lakes  during  1917  was  duly  finished,  and  the  re- 
sults were  published  in  a  form  to  show  the  fisheries  by  lakes.  A 
re^uping  of  the  figures  has  been  made  so  as  to  set  forth  the  fish- 
enes  by  States. 

The  number  of  persons  ascertained  to  be  engaged  in  the  fisheries 
of  the  Great  Lakes  was  9,221,  of  whom  3,183  are  credited  to  Michigan, 
1,909  to  Wisconsin,  1,761  to  Ohio,  683  to  New  York,  608  to  Minnesota! 
5G4  to  Illinois,  446  to  Pennsylvania,  and  67  to  Indiana.  The  invest- 
ment in  the  fisheries  in  the  different  States  arranged  in  order  of  im- 
portance was  as  follows:  Michigan,  $2,937^086;  Ohio.  $2,462,832 
Wisconsin,  $1,668,629;  Illinois,  $1,265,664;  Pennsylvania,  $919,919 
New  York,  $793,371;  Minnesota,  $428,443;  and  Indiana,  $79,825, 
total,  $10,555,669.  Arranged  in  the  order  of  the  value  of  the  prod- 
ucts, the  States  ranked  as  follows:  Michigan,  29,737,355  pounds, 
valued  at  $2,035,889;  Ohio,  26,442,993  poun&,  valued  at  $1,570,230; 
Wisconsin,  24,042,103  pounds,  valued  at  $1,320,162;  Pennsylvania, 
8,151,241  pounds,  valued  at  $508,382;  Minnesota,  10,041,846  pounds! 
valued  at  $429,667;  New  York,  3,481,236  pounds,  valued  at  $268,215; 
Illinois,  1^56,294  pounds,  valued  at  $87,375 ;  and  Indiana,  1,016,155 
pounds,  valued  at  $75,099;  total  output,  103,759,223  pounds,  valued 
at  $6,297,969. 

Detailed  tables  and  discussions  of  the  fisheries  of  the  Great  Lakes 
and  certain  tributary  waters  and  of  Lake  of  the  Woods  and  Rainy 
Lake  are  included  in  the  report  of  the  division  of  fishery  industries 
for  1919. 

FISHERIES  OF  THE  GULF  STATES. 

A  canvass  of  the  coastal  fisheries  of  western  Florida,  Alabama, 
Mississippi,  Louisiana,  and  Texas  for  the  calendar  year  3918  was 
completed  during  the  past  fiscal  year,  and  the  detailed  tables  and 
discussions  have  been  included  in  the  divisional  report. 

In  1918  these  fisheries  gave  employment  to  14,888  persons,  the  total 
amount  of  capital  invested  was  $6,537,859,  and  the  products  ag- 
gregated 130,923,583  pounds,  valued  at  $6,510,310.  Some  of  the  more 
important  products  taken  were  mullet,  including  roe,  28,641,364 
pounds,  valued  at  $1,318,379;  oysters,  23,754,465  pounds,  or  3,393,495 
bushels,  valued  at  $1,106,725;  shrimp,  green  and  dried,  27,142,999 
pounds,  valued  at  $1,098,427;  sponges,  452,188  pounds,  valued  at 
§725,155;  red  snapper,  9,429,802  pounds,  valued  at  $609,312;  sque- 
teaffues  or  "  sea  trout,"  4,960,738  pounds,  valued  at  $414,593 ;  Spanish 
mackerel,  8,494,845  pounds,  valued  at  $251,197;  groupers,  5,935,826 
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pounds,  valued  at  $235,406;  redfish  or  red  drum,  2,986,180  pounds, 
valued  at  $175,109;  and  menhaden  14,413,942  pounds,  valued  at 
$110,608. 

Compared  with  the  Bureau's  returns  for  this  region  for  1902,  there 
has  been  a  decrease  of  17.42  per  cent  in  the  number  of  persons  em- 
ployed, but  an  increase  of  38.88  per  cent  in  the  investment^  an  in- 
crease of  15.15  per  cent  in  the  quantity  of  products,  and  an  increase 
of  86.31  per  cent  in  the  value  of  the  fisheries.  Compared  with  the 
returns  published  by  the  Bureau  of  the  Census  for  1908,  the  increase 
in  the  catch  amounted  to  10.69  per  cent  in  quantity  and  33.96  per  cent 
in  value. 

Partly  at  least  as  a  result  of  the  Bureau's  efforts  to  extend  the 
use  of  fishery  products  in  the  Gulf  refi:ipii,  particularly  neglected 
fishes  or  by-products,  an  increase  in  tne  catch  and  uses  or  such 
products  is  to  be  noted.  For  example,  the  yield  of  black  drum  in 
1890  amounted  to  136,053  pounds  and  in  1918  to  2,011,288  pounds; 
of  groupers  in  1890  to  427,781  pounds  and  in  1918  to  6,935,825 
pounds ;  and  of  Spanish  mackerel  in  1890  to  700,459  pounds  and  in 
1918  to  3,494,845  pounds.  The  yield  of  the  by-products  of  the 
fisheries  amounted  to  17,409,496  pounds,  valued  at  $310,682.  This 
included  more  than  1,600  tons  of  nsh  scrap  with  a  value  of  $119,384; 
over  109,000  gallons  of  oil,  valued  at  $106,618;  more  than  6,000  tons 
of  ground  oyster  shells  for  poultry  grit,  with  a  value  of  $61^77, 
and  several  items  of  minor  importance. 

The  quantities  and  values  or  the  products  by  States  were  as  fol- 
lows :  West  coast  of  Florida,  54,753,639  pounds,  valued  at  $3,420,363; 
Alabama,  5,609,219  pounds,  valued  at  $230,567;  Mississippi,  20,592,- 
089  pounds,  valued  at  $762,770;  Louisiana,  24,953,876  pounds, 
valued  at  $1,419,367;  and  Texas,  25,014.760  pounds,  valued  at 
$677,243. 

TJJORTDA  SPONGE  FISHERY. 

The  Bureau  has  continued  to  maintain  in  Florida  a  sponge-inspec- 
tion service  to  give  effect  to  the  law  regulating  the  size  of  commer- 
cial sponges  from  local  waters  that  maj  be  landed  at  American 
ports. 

The  Florida  sponge  fishery  appears  to  be  in  a  state  of  equilibrium  be- 
tween the  natural  supply  and  the  catch,  and  if  it  can  be  so  maintained 
no  concern  need  be  felt  for  the  future.  There  is  perhaps  some  sur- 
reptitious traffic  in  sponges  of  less  than  the  legal  minimum  diameter 
of  5  inches,  but  the  open  and  flagrant  sale  of  such  sponges  which 
occurred  some  years  ago  has  been  suppressed.  The  cargoes  of 
sponges  on  sale  at  the  sponge  exchanges  sometimes  contain  a  large 
proportion  of  sponges  barely  meeting  legal  requirements,  and  a  num- 
ber of  persons  engaged  in  the  business  express  themselves  in  favor 
of  an  increase  of  the  legal  minimum  to  5^  or  even  6  inches.  The 
superabundance  of  small  sponges  is  attributed  to  the  gradually  re- 
turning productiveness  of  the  oeds  in  comparatively  shallow  water 
which  were  depleted  by  the  spongers  a  number  of  years  ago.  There 
is  no  doubt  that  if  the  small  sponges  were  permitted  an  additional 
year's  growth  these  formerl5r  exhausted  beds  would  yield  a  larger 
quantity  and,  owing  to  the  higher  value  of  the  larger  sizes,  a  much 
greater  financial  return  to  the  spongers. 
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BIOLOGICAL  INVESTIGATIONS. 
GENEKAL  CONDITION  OF  THE  WORK. 

In  the  field  occupied  by  the  Bureau's  division  of  inquiry  respect- 
ing food  fishe$  and  the  fishing  grounds,  the  fiscal  year  1920  was 
marked  by  a  reduction  in  activities  as  a  necessary  adjustment  to  the 
decreased  appropriation  for  such  purposes.  The  general  policy 
adopted  was  to  continue  in  progress  the  more  important  investiga- 
tions, reducing  the  nimiber  of  projects  rather  than  the  quaUty  of 
the  work. 

During  the  preceding  year  several  of  the  chief  agencies  of  the 
Bureau's  scientific  activities  were  in  the  hands  of  the  ifavy  Depart- 
mentj  so  that  provision  was  required  neither  for  the  maintenance  of 
certam  stations  or  vessels  nor  for  their  normal  activities.  Just  be- 
fore the  beginning  of  the  fiscal  year  under  report,  or  in  the  early 
Srt  of  that  year,  the  Navy  Department  returned  to  the  Bureau  the 
laufort  (N.  C.)  laboratory  and  the  steamers  Albatross  and  Fish- 
Bawk^  and  withdrew  from  the  Woods  Hole  (Mass^  laboratory.  It 
has  b€«n  endeavored  to  put  these  agencies  into  effective  operation 
again  as  far  as  practicable,  but,  owing  to  the  necessity  for  extensive 
repairs  to  the  Beaufort  laooratory  and  its  equipmetit,  that  station 
maintained  during  the  fiscal  year  1920  a  minimum  degree  of  activity. 

This  branch  of  the  service  has  labored  under  the  severe  handicap 
of  inability  to  maintain  a  full  working  staff.  For  several  years  the 
scientific  personnel  has  been  kept  fairly  complete,  partly  as  a  result 
of  the  reducing  of  entrance  requirements  to  the  lowest  possible  limit, 
and  partly  in  consequence  of  the  appeal  of  patriotic  service  during 
a  national  emergency.  In  the  past  year,  however,  scientific  employees 
have  gradually  out  steadily  drifted  out  of  the  service,  and  quahfied 
candidates  for  their  places  have  failed  to  appear.  Accordingly,  the 
year  closed  with  32  per  cent  of  the  scientific  positions  vacant,  among 
them  some  of  hi^h  responsibility,  and  at  the  jjresent  date  the  num- 
ber of  vacancies  has  increased  to  36  per  cent,  with  other  resignations 
in  prospect.  Unless  radical  chan^  can  be  promptly  made  in  the 
salary  scale  and  conditions  of  service,  the  efficient  accomplishment  of 
one  of  the  Bureau's  primary  functions  must  depend  upon  the  possi- 
bility of  enlisting  the  services  of  men  of  independent  means,  inspired 
by  patriotic  purpose  or  zeal  for  the  work,  a  condition  which  is  both 
repugnant  and  unpromising. 

STUDIES  OF  SALMONS  AND  TROUTS. 

Notwithstanding  the  great  amount  of  attention  that  has  been  given, 
over  a  long  series  of  years,  to  the  biology  of  the  Pacific  salmons,  much 
remains  to  be  learned  regarding  essential  features  of  their  life, 
growth,  habits,  etc.,  and  the  Bureau  has  continued  to  have  hirfily 
qualified  assistants  devote  themselves  to  these  most  important  fishes. 
The  efficiency  of  fish-culture  operations  and  the  intelhgent  applica- 
tion of  protective  measures  require  a  secure  foundation  of  knowledge 
of  the  several  species  at  maturity,  the  life  histories,  migrations,  and 
conditions  favorable  for  existence.  The  studies  necessary  to  estab- 
lish this  base  of  knowledge  are  highly  technical,  tedious,  and  time- 
consuming:  nevertheless,  material  progress  has  been  made  in  the 
interpretation  of  the  age,  early  history,  and  possible  races  of  the 
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Chinook  salmon  in  the  Columbia  and  Sacramento  Eivers.  Further 
consideration  has  been  given  to  the  capture  of  immature  salmon  in 
the  open  ocean^  a  commercial  practice  which  threatens  the  future 
of  the  salmon  industry,  and  a  conclusive  report  may  be  expected 
shortly.  Investigators  have  made  significant  studies  of  salmon  in 
Alaska,  the  results  of  which  will  serve  as  a  guide  both  in  fish-cul- 
tural practices  and  in  the  administration  of  the  salmon  fishery  in 
Alaskan  waters. 

There  have  been  conducted  anatomical  studies  and  experiments 
with  members  of  the  salmon  family  which  have  brought  to  light  con- 
ditions that  bear  directly  upon  the  propriety  and  effect  of  certain 
fish-cultural  practices,  and  that  with  further  study  and  experiments 
at  hatcheries  are  expected  to  lead  to  improvements  in  the  manipu- 
lation of  brood  fish,  and  thereby  promote  efficiency  and  economy  in 
the  operation  of  trout  stations. 

The  Bureau  is  also  endeavoring  by  a  series  of  studies,  unavoidably 
technical  in  nature,  to  clear  up  the  confusion  existing  as  regards  the 
relationships  of  the  several  members  of  the  salmon  family^  a  con- 
fusion which  is  not  of  theoretical  interest  alone,  but  which  impedes 
the  efficiency  of  practical  work  in  the  distribution  of  fishes,  which 
should  be  based  upon  definite  knowledge  of  the  species  propagated 
and  distributed  and  of  the  natural  range  of  these  and  related  species. 
It  is  sometimes  difficult  to  determine  the  results  of  the  introduction 
of  species  of  trout  in  new  waters  (as,  for  instance,  the  many  disputes 
regarding  rainbow  and  steelhead  trouts)  because  definite  criteria  are 
wanting  to  identify  the  species  propagated  on  different  occasions,  or 
the  species  found  to  become  established  in  the  planted  waters. 

STUDIES  OF  OTHER  FISHES. 

A  similar  sort  of  obscurity  with  reference  to  the  species  of  white- 
fishes  and  ciscoes,  or  so-called  lake  Tierrings,  of  the  Great  Lakes  hag 
been  attacked,  and  there  was  brought  to  completion  during  the  year 
the  report  of  a  thorough  study  of  the  whitefishes  and  related  species 
in  Lake  Huron.  The  investigation  will  be  extended  to  Lake  Michi- 
gan in  the  course  of  the  present  year. 

The  investigations  of  smelts  which  have  been  pursued  during  a 
period  of  years  are  nearing  completion,  and  the  results  will  afford 
long-desired  information  regarding  fishes  that  are  esteemed  for  their 
value  as  human  food  and  that  are  of  even  greater  value  as  food  of 
the  larger  food  and  game  fishes. 

The  investigation  of  the  paddlefish  has  been  continued,  but  the 
species  still  baffles  the  most  careful  inquiry  into  its  habits  of  breed- 
ing. The  life  histories  of  marine  fishes  are  receiving  persistent  atten- 
tion, and  it  is  expected  that  substantial  contributions  in  this  field 
may  be  made  at  an  early  time.  ^ 

In  response  to  many  inquiries  regarding  the  possibilities  for  a 
sardine-packing  industry  on  the  northwest  coast,  the  Bureau  con- 
ducted a  further  inquiry  into  the  occurrence  of  pilchards,  or  sardines, 
off  the  coasts  of  Washington  and  Oregon.  It  was  ascertained  that 
sardines  occur  in  these  waters  irregmarlv,  though  abundantly  at 
times,  but,  in  view  of  the  uncertainty  of  the  runs,  the  difficulties  of 
the  fishery,  and  the  general  situation  in  the  canning  industry,  the 
establishment  of  sardine  canneries  in  the  northwestern  States  at  the 
present  time  is  not  recommended. 
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FISH-CULTURAL   EXPERIMENT    WORK. 

The  experimental  work  in  the  interest  of  fish  culture,  both  public 
and  private,  which  is  pursued  primarily  in  connection  wim  the 
fisheries  biological  station  at  Fairport,  Iowa,  has  been  continued  as 
far  as  permitted  by  the  available  means  and  personnel.  The  in- 
vestications  of  previous  years  have  yielded  results  which  it  has  been 
possible  to  apply  in  pra^ice  at  several  of  the  Bureau's  fish-cultural 
stations,  and  the  advantages  to  accrue  from  a  more  aggressive  pur- 
suit of  fish-cultural  experiment  work  are  undoubted.  It  is  therefore 
to  be  regretted  that  proyision  has  not  been  made  for  the  special  per- 
sonnel without  which  it  is  impossible  to  make  adequate  progress. 

The  experiments  at  Fairport,  which  relate  to  the  propagation  of 
bass,  sunfi^,  catfish,  and  buffalofish  in  ponds,  are  supplemented  by 
investigations  of  the  plants  and  lower  animals  which  live  in  the 
ponds  and  contribute  directly  or  indirectly  to  the  food  supply  of 
fish  and  to  the  yield  of  fiish  from  the  ponds.  Besults  of  special 
interest  and  value  are  regularly  obtained,  and  if  the  observations 
could  be  more  widely  extended  the  Bureau  would  rapidly  gain  in 
ability  to  furnish  just  the  sort  of  helpful  information  desired  by  the 
amateur  fish-culturists  in  all  parts  of  the  country  who  are  seeking 
to  improve  the  conditions  of  home  life  on  the  farm  by  developing 
the  fishpond  as  a  source  of  food  and  a  means  of  recreation. 

MOSQUITO  CONTROL  BY  THE  USE  OF  FISH. 

Previous  reports  have  stressed  the  public  service  rendered  by  the 
Bureau  in  conducting  investigations  and  practical  operations  in  the 
employment  of  fish  as  a  means  of  exterminating  mosquito  larvae 
unaer  conditions  where  other  means  of  control  are  either  imprac- 
ticable or  unnecessarily  expensive.  Renewed  assurance  of  the  value 
of  this  work  was  gained  during  the  past  year  when  the  Bureau  of 
Public  Health  Service  urgently  requested  tiiis  Bureau  to  detail  an 
assistant  for  full  time  in  advising  with  Federal,  State,  and  local 
health  officers  in  the  proper  use  of  fish  in  the  broaa  antimalaria  cam- 
paign in  the  Southern  states.  There  have  also  been  several  freely 
offered  expressions  of  appreciation  for  the  value  of  this  service  from 
State  health  officials. 

The  studies  of  fishes  and  other  aquatic  animals  in  relation  to  mos- 
quito control  have  not  been  restricted  to  southern  waters,  but  addi- 
tional experiments  have  been  conducted  in  Northern  States,  notably 
in  the  Interstate  Palisades  Park  of  New  York  and  New  Jersey. 

STUDY  ^OF   nSH   DISEASES. 

"While  the  Bureau  was  without  a  regular  fish  pathologist  during 
the  first  half  of  the  fiscal  year,  the  study  of  the  parasites  and  dis- 
eases of  fiishes  was  continued  during  most  of  that  period  by  the  aid 
of  temporary  employees.  Diseases  of  fish  in  the  St.  Lawrence 
Kiver  and  in  certain  fish  hatcheries  were  investigated,  and  appro- 
priate remedies  were  suggested  when  practicable.  Later  in  the  year 
syBtematic  researches  were  directed  at  such  special  problems  as  the 
widely  prevalent  "white-spot"  disease  in  salmonoid  eggs  and  the 
mortality  of  pike-perch  eggs  which  substantially  lowers  the  efficiency 
of  all  pike-perch  hatching  operations. 
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SHELLFISH  INVESTIGATIONS. 

Oysters. — ^The  problems  of  the  oyster  industry  in  some  sections 
are  critical  and  have  received  the  fullest  possible  measure  of  atten- 
tion. The  problem  of  first  importance  is  the  failure  of  set  during  a 
period  of  years  in  Long  Island  Sound,  and  this  has  been  attacked 
by  methods  of  both  biology  and  chemistry  (in  cooperation  with  the 
Bureau  of  Chemistry.)  A  foundation  of  facts  is  steadily  being  con- 
structed, and  some  tentative  conclusions  as  to  the  causes  of  trouble 
and  the  methods  of  alleviation  are  now  possible.  No  claim  can, 
however,  be  laid  to  a  complete  solution  of  tne  problem  until  further 
observations  and  experiments  have  been  made.  The  inquiries  have 
centered  principally  about  Mil  ford.  Conn.,  and  Sayville,  N.  Y. 

It  seems  fairly  clear  that  one  oi  the  disturbing  factors,  and  pos- 
sibly the  chief  cause  of  the  failure  of  set,  is  the  extensive  pollution  of 
inshore  waters  by  sewage  or  industrial  wastes,  and  proper  attention 
is  therefore  being  focused  upon  this  aspect  of  the  question. 

Oyster  studies  have  also  been  made  in  the  Chesapeake  Bay  and  in 
some  waters  of  the  State  of  Virginia.  In  the  vicinity  of  Norfolk 
attention  has  been  given  to  the  damages  to  oysters  resulting  from  the 
unlawful  discharge  of  oil  upon  the  waters  of  Hampton  Eoads.  In 
the  York  Eiver,  Va.,  the  investigation  of  conditions  affecting  un- 
favorably the  growth  of  oysters  has  been  brought  to  a  close. 

Fresh-water  Tnussels, — In  the  propagation  of  fresh-water  mussels 
the  number  of  glochidia  infected  upon  fish  and  liberated  in  the 
public  waters  was  conspicuously  greater  than  in  the  preceding  year, 
and  the  unit  cost  was  correspondingly  lower.  The  results  of  arti- 
ficial propagation  are  detailed  elsewhere.  In  the  experiments  di- 
rected at  the  rearing  of  young  mussels  until  they  have  attained  a 
size  (say  half  an  inch  in  length)  permitting  of  tlieir  being  handled 
with  convenience  and  planted  deliberatelv  upon  suitable  bottoms, 
notable  residts  have  been  secured  during  tne  year.  Before  the  past 
year  a  measurable  de^ee  of  success  fiad  been  attained  with  one 
species  of  mussel  (the  Lake  Pepin  mucket),  but  durinj^  the  summer 
of  1919  two  additional  species  (yellow  sand-shell  and  nver  mucket) 
were  reared  in  considerable  quantities  in  small  troughs. 

At  a  conference  in  La  Crosse,  Wis.,  in  January,  1920,  participated 
in  by  representatives  of  the  States  of  Wisconsin  and  Minnesota  and 
by  other  interested  persons  as  well  as  by  assistants  of  the  Bureau, 
consideration  was  given  to  the  protection  of  mussel  resources,  and, 
acting  upon  authority  provided  by  recent  concurrent  legislation  in 
several  States,  it  was  determined  to  close  against  commercial  shell- 
ing for  a  period  of  five  years  certain  sections  of  the  Mississippi  Eiver 
bordering  the  two  States  represented  in  the  conference.  The  pur- 
pose is  to  allow  opportunity  tor  natural  recuperation  of  the  beds  and 
to  create  favorable  conditions  for  the  artificial  propagation  of  mus- 
sels. The  proposed  action,  when  taken,  will  represent  the  culmina- 
tion of  several  years  of  earnest  effort  by  various  persons  and  agencies, 
in  which  the  Bureau  of  Fisheries  has  played  a  leading  part,  to  bring 
about  the  effective  protection  of  the  valuable  mussel  resources  of  the 
Mississippi  Basin.  Up  to  the  present  time,  only  four  States  which 
control  the  principal  mussel-producing  portions  of  the  Mississippi 
River  have  enacted  appropriate  legislation.  It  is  greatly  to  be  de- 
sired that  other  States  naving  jurisdiction  over  important  shell-pro- 
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ducing  streams  will  join  in  this  movement  before  the  resources  be- 
come too  seriously  depleted. 

In  the  course  of  the  fiscal  j^ear  there  was  issued  a  docimient  de- 
scribing in  detail  the  commercial  fresh-water  mussels,  the  implements 
and  practices  of  the  mussel  fishery,  and  the  machinery  and  methods 
of  manufacture  of  buttons  from  the  shells.  There  has  also  been  com- 
pleted and  submitted  for  publication  a  general  account  of  the  natural 
history  and  propagation  of  the  mussels.  These  papers  are  issued  in 
response  to  a  general  demand  for  the  varied  information  contained 
in  them,  and  with  a  view  to  disseminating  such  knowledge  of  the 
resources  and  industries  and  of  the  conditions  of  their  perpetuation 
as  will  stimulate  the  adoption  of  measures  and  practices  whereby  un- 
necessary waste  may  be  avoided  and  the  future  as  well  as  the  present 
may  be  served. 

MISCELLANEOUS  STUDIES. 

Investigation  of  the  reddening  of  salt  fish,  which  causes  large  an- 
nual losses  to  fish  packers,  has  \^n  continued  and  some  definite  con- 
dusions  are  now  possible.  It  has  been  ascertained  that  the  discolora- 
tion is  due  to  the  growth  of  at  least  two  organisms,  one  of  which 
under  approi)riate  conditions  is  characteristically  red  and  the  other 
pink.  The  simultaneous  growth  of  these  organisms  results  in  the 
production  of  various  shades  of  color.  The  organisms  evidently  have 
their  origin  in  the  imported  sea  salt  which  is  so  extensively  used  in 
the  fishing  industry.  The  conditions  of  growth  of  the  causative 
agents  have  been  pretty  well  determined,  and  experiments  are  under 
way  to  determine  tjie  means  of  eradication. 

In  response  to  solicitations  from  the  trade  that  domestic  sources 
be  found  for  a  vegetable  gelatin  such  as  is  required  for  the  satis- 
factory packing  of  certain  fish  products  in  cans,  the  Bureau  has 
conducted  an  inquiry  into  the^properties  of  gelatin  derived  from  the 
seaweeds  of  the  New  England  coast.  A  gelatinous  extract  from  the 
common  "  Irish  moss "  of  that  coast,  when  properly  prepared,  was 
found  to  meet  the  requirements.  It  has  been  thought  advisable  to 
carry  the  investigation  further  and  to  ascertain  the  possibilities  of 
developing  domestic  sources  for  agar-agar  and  other  \'uluable 
gelatins  of  commerce  now  imported. 

SCIENTIFIC  WORK  OF  THE  VESSELS. 

The  steamers  Albatross  and  Fish  Ilawk^  which  had  been  surren- 
dered to  the  Navy  Department  for  the  period  of  the  war,  were  re- 
turned to  service  in  the  interests  of  the  fisheries  during  the  early 
part  of  the  fiscal  year. 

For  the  present  it  is  intended  to  retain  the  Albatross  in  the  Atlan- 
tic, from  which  she  has  been  absent  for  a  period  of  more  than  30 
years.  Her  work  up  to  the  close  of  the  fiscal  year  consisted  in  one 
cruise  to  the  south  as  far  as  the  Yucatan  Channel  and  another  cruise 
along  the  northeast  coast  and  into  the  Gulf  of  Maine.  Oceano- 
p^pnic  studies  and  fishery  trials  were  features  of  the  cruises.  The 
Albatross  is  now  better  equipped  than  ever  before  for  practical 
fishing  operations,  and  it  is  expected  that  as  soon  as  the  crew  is 
properly  trained  and  a  suitable  scientific  staff  can  be  found  the 
vessel  will  make  even  more  substantial  contributions  to  the  welfare 
of  the  fisheries  than  it  has  in  the  past. 
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The  Fish  Hcmk  has  been  engaged  in  an  exploration  of  Chesapeake 
Bay  to  discover  and  record  the  seasonal  conaitions  of  salinites,  tem- 
peratures, currents,  and  ultimate  food  supply  of  fishes,  and  to  ascer- 
tain within  the  limits  of  feasibility  all  other  conditions  affecting 
the  migrations  and  abundance  of  nsh  and  shellfish.  All  of  these 
data  are  essential  for  the  most  intelligent  conservation  and  develop- 
ment of  the  important  fisheries  of  this  bay. 

THE    BIOLOGICAL    LABORATORIES. 

For  the  first  time  since  the  early  part  of  1917  the  Bureau  has  had 
the  full  possession  of  all  of  its  laooratories ;  but,  while  available 
for  use,  it  has  not  been  possible  to  operate  all  of  them  actively. 
The  Woods  Hole  (Mass.)  laboratory  was  rather  fully  engaged  dur- 
ing the  summer  oi  1919  with  investigations  in  progress  concerning 
oysters,  the  reddening  of  salt  fish,  gelatin  from  seaweed,  and  the 
habits,  food,  and  parasites  of  fishes. 

The  Beaufort  (N.  C.)  laboratory  could  not  be  put  in  shape  for 
operation  until  late  in  the  fiscal  year,  and  deficiencies  of  funds  and 
of  personnel  have  repdered  the  station  relatively  inactive. 

At  the  Fairport  (Iowa)  laboratory,  studies  of  fresh- water  mussels 
and  experimental  fish  culture  were  pursued,  with  the  use  of  the 
limited  space  afforded  in  the  old  temporary  laboratoiy  building. 
During  the  yeay,  however,  the  excellent  new  building,  fireproof  m 
construction,  pleasing  in  appearance,  and  admirable  m  design,  was 
brought  nearly  to  completion  and  its  occupancy  was  expected  at  an 
early  date  in  the  following  fiscal  year. 

Progress  in  the  construction  of  the  Key  West  (Fla.)  biological 
station  consisted  principally  in  the  installation  of  the  necessary  units 
of  the  pumping  system  and  the  construction  of  a  concrete  tank  tower 
with  storage  for  both  fresh  and  salt  waters.  The  water  system  is, 
therefore,  complete  and  ready  for  use,  and  this  is  one  of  the  most 
essential  features  of  equipment  of  the  station.  The  available  labora- 
tory space  and  other  accommodations  which  it  has  been  possible  to 
supply  from  the  appropriations  hitherto  made  are  inadequate  for 
scientific  work  in  the  interest  of  the  fisheries,  except  such  as  may  be 
rendered  by  the  permanent  staff  authorized.  The  station  functioned 
usefully  for  a  portion  of  the  fiscal  year,  but  since  the  loss  of  its 
scientific  staff,  about  the  middle  of  the  year,  it  has  remained  idle  and 
in  the  charge  of  a  single  employee  as  caretaker. 

Too  cordial  an  acknowledgment  can  scarcely  be  made  of  the  loyal 
and  devoted  service  of  the  men  who  have  still  remained  in  the  service 
during  these  times  when  the  most  trying  economic  conditions  have 
been  and  are  yet  bearing  heavily  upon  them.  The  Bureau  expresses 
also  its  appreciation  of  the  services  of  those  who  have  rendered  their 
contribution  to  the  work  of  the  year,  and  left  only  under  the  com- 
pelling pressure  of  circumstances. 

PROPAGATION  AND  DISTRIBUTION  OF  FOOD  FISiiBS. 
SUMMARY  OP  THE  OPERATIONS. 

The  output  of  the  hatcheries  during  the  fiscal  year  1920  fell  short 
of  the  results  in  1919,  when  a  record  was  established.    The  aggregate 
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production  was  4,770^55,000,  of  which  3,872,218,000  were  fry,  267,- 
388,000  were  fingerlings,  yearlings,  and  adults,  and  680,749,000  were 
f ertUized  and  viable  e^gs.  Important .  species  whose  output  was 
larger  than  in  the  previous  year  were  catfish,  buffalofish,  whitefish, 
Chinook  salmon,  chum  salmon,  steelhead  salmon,  rainbow  trout, 
blackspotted  trout,  grayling,  crappie,  sunfish,  and  cod.  There  was  a 
reduction  in  the  output  of  shad,  cisco,  pike  perch,  yellow  perch,  pol- 
lock, and  winter  flounder.  The  net  decrease  in  output  was  about 
1,105,000,000,  of  which  about  1,050,000,000  represented  the  winter 
flounder. 

Untoward  conditions  that  influenced  the  fish-cultural'  work  were 
the  partial  disorganization  of  the  field  force,  the  increased  cost  of 
operations  with  no  increase  in  available  funds,  and  unfavorable 
weather  during  the  egg-laying  periods.  A  very  serious  epidemic 
among  brook  trout  in  New  England  hatcheries  materially  reduced 
the  output  of  that  species. 

Following  is  a  summarized  statement,  by  species  showing  the 
number  of  ^gs,  fry,  and  adults,  yearlings,  ana  fingerlings  distributed 
during  the  fiscal  year  1920 : 


Sum MABT,  BT  Sfeouss,  of  the  Distbtbutton  of  Fish  and  Fish  Egos  During  the 
Fiscal  Year  Ended  June  30.  1920. 


Spedes. 


Fry. 


FlngerUngs, 
yearllnss, 
and  adults. 


Total. 


Oatflah.. 


Slad.. 

Atewife.:::.::..'./.. 

W]iite6sh 

nsoo 

8ilv«raa]mon 

Chtaookgalmoin 

Sodceyo  Bftlninn 

Hampbeak  salmon. . 
Cfamn  saiiQOQ ....... 

Steelhead  salmon... 

Atlantic  salmon 

Landlocked  salmon. 

Rainbow  trout 

Blackspotted  troat.. 
Loch  Ceven  troat. . . 

Uke  troat 

Brook  troat 

Ozaylinff 

Pike  and  pickerel 


Freshwater  drom ....... 

(dapple ^ 

lAivemoath  black  bass. 
SmaOmoath  black  bass. 

Rock  bass 

Wannoatli  bass 


Plkepercli.  .. 
Yellow  perch. 
Whiter  " 
White  L 
Striped  I 

Pollock 

Haddo(^ 

Floonder 

MbeeOaneotui. . 


111,830,000 
90,200,000 


11,367,000 
3,000,000 


881,600 


487,105 

2,607,600 

722,600 


2,860,000 
821,400 


80,625,000 


160,902,000 


165,336,000 


37,800,000 

174,585,000 

56,568,270 

115,000 

278,535,000 

76,005,000 

5,835,700 

1,265,770 

50,950,000 

307,200 

7,318,100 

173,200 

1,560,000 

1,054,525 

64,200 

3,021,500 


29,140,000 
3,160,285 
1,165,000 


686,500 
171,000 


154,800,000 
162,500,100 


16,474,000 
489,175,000 
667,685,000 
150,953,000 

1,603  O8o;ooo 


76,286,060 
6,999,310 
2,616,676 


2,898,050 
37,505,500 
47,857,616 


6,733,160 

3,063,236 

226 

90,276 

4,200,016 

1,315,700 

101,966 

800,785 

6,034,270 


610,360 

39,955 

85,887,805 

978,466 

41,375 

61,036 

14,650 

30,879,130 


616,050 

1,500 

46,070 


2,824,960 


76,286,060 

44,799,310 

177,201,576 

66,558,270 

115,000 

880,366,000 

106,205,000 

8,727,750 

50,088,270 

101,807,615 

307,300 

13,051,250 

4,118,035 

1,550,226 

1,641,605 

6,871,816 

4,050,800 

101,865 

82,800,785 

10,015,956 

1,165,000 

610,350 

20,965 

36,897,806 

1,564,866 

212,375 

61,036 

14,690 

30,878,130 

244,525,000 

163,306,150 

1,500 

46,070 

16,474,000 

650,167,000 

657,  (»5;  000 

315^288,000 

1,603,080,000 

2,824,860 


Toital 630,749,305 


3,872,218,350      367,888,066    4,770,365,730 
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A  gratifying  feature  of  the  year's  distributions  was  the  increased 
numfer  of  fishes  planted  as  fingerlings.  The  advance  over  1919  in 
this  respect  exceeded  100,000,0^.  The  most  noteworthy  factor  in 
this  increase  was  the  Pacific  salmons,  of  which  over  97,000,000  were 
carried  to  the  fingerling  stages  before  being  liberated  as  against 
78,421,000  in  the  previous  year. 

HATCHING  STATIONS  OPERATED. 

During  1920  the  Bureau  operated  about  60  permanent  hatcheries, 
5  temporary  hatcheries,  and  a  large  number  of  field,  auxiliary,  and 
collecting  stations.  No  new  hatcheries  have  recently  been  authorized 
by  Congress,  but  the  Bureau,  in  order  to  serve  a  public  demand  and 
meet  existing  needs,  has  established  auxiliary  stations  at  several 
points,  and  in  1920  such  auxiliaries  were  operated  at  Lewis  Eiver, 
Wash.,  for  chinook  and  chum  salmons;  Washougal  River,  Wash., 
for  steelhead  salmon;  Paris,  Idaho,  for  whitefish;  Bay  City,  Mich., 
for  pike  perch;  Willamette  River,  Oreg.,  for  shad;  Weldon,  N.  C, 
for  striped  bass;  La  Crosse,  Wis.,  for  brook  trout  and  pike  perch; 
and  Atchafalaya,  La.,  for  buffalofish. 

In  the  following  list  there  are  shown  fish  hatcheries,  auxiliaries, 
and  rescue  stations  operated  in  1920,  arranged  alphabetically  by 
States,  together  with  the  species  handled  at  each. 

Main  and  Auxiliaby  Fish-cultubal  Stations  Operated  During  the  Fiscal 

Year  1920. 


state  and  locality. 


Species  handled. 


Alaska: 

Afognak 

Yes  Bay 

Arkansas:  Mammoth  Spring 

California: 

Balrd 

Battle  Creek 

Mill  Creek 

Colorado:  Leadville 

District  of  Columbia:  Central  sta- 
tion   

Georgia:  Cold  Springs 

Idaho:  Paris» 

Illinois: 

Cairo« 

Meredosla 

Qulncy , 

Iowa: 

Fairport 

Manchester 

Bellevne 

North  McGregor 

Kentucky:  Louisville 


Louisiana:  Atchafiedaya 

Maine: 

Boothbay  Harbor 

Craig  Brook 

Green  Lake 

Grand  I>ake  Stream . 

Maryland:  Bryans  Point 

Massachawtts: 

Berkshire 

Gloucester 

Woods  Hole 


Sockeye  salmon. 

Do. 
Largemouth  and  smallmouth  black  bass,  rock  boss. 

Chinook  salmon.. 

Do. 

Do. 
Blackspotted,  rainbow,  Loch  Leven,  brook,  and  lake  trouts. 

Shad,  whitefish, dsco, Chinook  salmon,  pike  perch,  yellow  perch. 
Largemouth  black  bass,  crappie,  sunflsh,  catfish. 
Whitefish. 

Rescued  fishes. 
Do. 
Do. 


; 


Do. 


Brook  and  rainbow  trouts,  smallmouth  black  bass,  rock  bass. 
Rescued  fishes. 

Do. 
Largemouth  black  baas,  smallmouth  black  bass,  rock  bass,  sunilsh, 

yellow  perch. 
Buffalofish. 

Haddock,  pollock,  winter  flounder,  aiewife. 

Atlantic,  landlocked,  and  humpback  salmons,  brook  trout. 

Landlocked  salmon,  orook  trout. 

Do. 
Shad,  yellow  perch. 

Brook  trout. 

Cod,  haddock,  pollock,  winter  flounder. 

Cod,  winter  flounder. 


1  Auxiliary  of  Sprlngville  (Utah)  hatchery. 


*  Auxiliary  of  Louisville  (Ky.)  hatchery. 
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Main  and  Axtxiuaby  FiSH-CTTLTUitAL  Stations  Operated  Dubing  Tflfc  ¥^soal 

Yeab  1920— Continued. 


state  and  locality. 


Species  handled. 


Sfichiijan: 
Northvllle. 


Bay  City... 

Chailevoiz. 
Miiinesota: 

Duloth 

Homer 


ssssipDi: 
Topdo. 


Fnan  Point. 
Ifissoori:  Neosho 


Montana: 


OladerPark 

New  Hampshire:  Nashua. 
New  York:  Cape  Vincent- 
North  CarollDa: 

Edenton 

Wddon 

Ohio: 


Pot  in  Bay 

Port  Clinton.. 


Applegate 

Rogoe  River , 

Upper  Clackamas 

Willamette 

Sooth  Carolina:  Orangeburg.. 

Sooth  Dakota:  Spearnish 

Tennessee:  Erwin 


Texas:  San  Marcos. 
Utah:  SnlngviUe.. 
Vermont: 

8t.  Johnsbory.. 


Holden 

Swanton 

Virginia:  WytheviUe. 


Washington: 
Baker  lAke. 
Birdsview... 


Dnckabosh 

Qoiloene 

Qainaolt 

Soitan. 

Big  White  8ahnon> 

Lewis  River  1 

Uttto  White  Salmon  1 

Washoogal  River  1 

West    Virguiia:  White    Sulphur 
Sprli^s. 

Wiaoonsin:  La  Crosse 

Wyoming: 

Saratoga. 

Yellowstone  National  Park  >... 


Brook  and  rainbow  trouts,  landlocked  salmon,  dsoo,  smallmoQth 

black  bass,  sunfish. 
Pike  perch. 
Lake  trout,  whitefish. 

Lake  and  brook  trouts,  whiteflsb,  pike  perch. 
I^rgemouth  black  bass,  pike  perch,  rescued  fishes. 

Largemouth  black  bass,  crappie,  sunfish. 
Rescued  fishes. 

Largemouth  black  bass,  smallmouth  black  bass,  rock  bass,  crappie, 
sunfish,  yellow  perch,  rainbow  trout. 

Blackspotted,  rainbow,  and  brook  trouts,  grayling. 

Do. 
Brook  and  rainbow  trouts,  smallmouth  black  bass. 
Brook,  lake,  and  rainbow  trouts,  whiteflsh,  dsoo,  yellow  perch. 

Shad,  largemouth  black  bass,  sunfish. 
Striped  bass. 

Whitefish,  pike  perch,  yellow  perch. 
Carp. 

Chinook,  chum,  and  steelhead  salmons,  brook,  rainbow,  and  black- 

spotted  trouts. 
Silver  and  steelhead  salmons. 
Chinook  and  steelhead  salmons,  rainbow  trout. 
Chinook  and  steelhead  salmons,  brook  trout. 
Shad. 

Largemouth  black  bass,  crappie,  sunfish. 
Blackspotted,  rainbow,  brook,  and  Loch  Leven  trout;^. 
Largemouth  and  smallmouth  black  bass,  rock  bass,  sunfish,  carp, 

brook  and  rainbow  trouts. 
Largemouth  black  bass,  crappie,  rock  bass,  sunfish. 
Blackspotted,  rainbow,  and  brook  trouts. 

Landlocked  and  steelhead  salmons,  brook  and  rainbow  trouts,  small- 
mouth black  bass,  yellow  perch,  white  perch. 

Brook  and  lake  trouts,  steelnead  salmon. 

Yellow  and  pike  perches. 

Largemouth  and  smallmouth  black  bass,  rock  bass,  sunfish,  crappie, 
brook  and  rainbow  trouts. 

Sockeye  and  steelhead  salmons. 

Humpback,  silver,  and  steelhead  salmons,  blackspotted  and  rainbow 

trouts. 
Chum,  humpback,  silver,  and  steelhead  salmons. 
Chum,  silver,  and  steelhead  salmons. 
Chinook,  silver,  and  sockeye  salmons. 
Chinook,  silver,  and  steelhead  salmons. 
Chinook  salmon. 
Chinook  and  chum  salmons. 
Chinook,  chum,  silver,  and  sockeye  salmons. 
Steelhead  salmon. 
Smallmouth  black  boss,  rock  bass,  sunfish,  brook  and  rainbow  trouts. 

Brook  trout,  pike  perch,  rescued  fishes. 

Blackspotted,  rainbow.  Loch  Leven,  and  brook  trouts. 
Blackspotted  trout. 


>  AozUiary  of  Clackamas  (Oreg.)  hatchery.  *  Auxiliary  of  Boxeman  (Mont.)  hatehery. 

DISTRTBUTION  OF  THE  OUTPUT. 

The  output  of  the  Bureau's  hatcheries  and  collecting  stations  has 
reached  every  State,  together  with  Alaska,  District  of  Columbia,  and 
Hawaii.  Individual  applications,  indorsed  by  Senators  and  Repre- 
sentatives in  Congress,  for  fish  for  public  and  private  waters  were 
filled  to  the  numl^r  of  more  than  8,000,  in  addition  to  which  about 
1,000  special  plants  of  fish  were  made  in  public  waters  of  the  various 
States  on  the  initiative  of  the  Bureau's  local  representatives, 
laise**— 20 — I 
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In  making  distribution  from  the  hatcheries  and  collecting  stations 
the  Bureau's  cars  traveled  91,525  miles,  and  detached  messengers  in 
char^  of  baggage-car  shipments  of  live  fish  aiid  fish  eggs  covered  ap- 
proxunately  400.000  miles. 

Two  new  steel  railway  cars,  especially  constructed  and  equipped 
for  the  transportation  of  live  fishes,  were  put  in  commission  durmg 
the  year.  These  cars  were  built  by  the  American  Car  &  Foundry  Co., 
of  Wilmington,  Del.,  and  cost,  including  boilers  and  pumps,  $29,416 
and  $29,733,  respectively.  In  each  car  is  embodied  the  most  ap- 
proved methods  of  railway-car  construction,  and  the  equipment  in- 
cludes some  specially  designed  aerating  apparatus  not  previously 
used,  which  has  resulted  in  a  material  savmg  of  fuel.  The  noteworthy 
economy  effected  in  the  distribution  of  the  Bureau's  output  has  been 
brought  about  by  the  increased  carrying  capacity  of  the  new  cars, 
whicn  amounts  to  nearly  35  per  cent  over  that  of  the  other  cars  now 
in  use.  Formerly  the  distribution  cars  were  equipped  with  an  inde- 
pendent steam  plant  to  supply  the  air  needed  for  the  safe  conveyance 
of  live  fishes.  The  new  cars  are  provided  with  an  apparatus  whereby 
the  necessary  air  is  obtained  from  the  "  train  line,"  thus  resulting  in 
a  material  saving  of  fuel.    A  further  saving  in  air  has  been  accom- 

Elished  by  discarding  the  specially  made  hard-rubber  air-liberator 
olders  formerly  used,  and  substituting  one-eighth  inch  galvanized 
tees.  The  hard-rubber  holders  cost  about  $1  each  and  were  subject 
to  frequent  breakage.  The  tees  cost  5  cents  each  and  will  wear  in- 
definitely, at  the  same  time  adequately  meeting  all  requirements.  The 
size  of  tuoing  used  in  conveying  air  to  the  fish  has  also  been  reduced 
from  three-eighths  to  one- fourth  inch. 

RELATIONS  WITH  THE  STATES. 

Closer  cooperative  relations  now  exist  between  the  Bureau  and  the 
State  fishery  officials  than  at  any  previous  time.  Each  year  adds  to 
the  number  of  field  stations  operated  jointly  by  the  Bureau  and  the 
States  under  an  arrangement  that  reduces  expense,  increases  the  out- 
put, and  promotes  the  efficiency  of  the  work  of  both  parties. 

Acknowledgment  is  made  of  the  valuable  assistance  rendered  to  the 
Bureau  by  various  State  fishery  authorities  during  the  year.  In 
some  instances  the  material  aid  proffered  by  the  States  has  made 
possible  the  conduct  of  extensive  nsh-culturaf  enterprises  that  other- 
wise would  have  been  greatly  curtailed.  The  ever-increasing  cost  of 
labor  and  materials  has  taxed  the  Bureau's  appropriations  to  the 
limit,  but  bv  means  of  State  assistance  it  has  been  possible  to  carry 
to  a  successful  outcome  several  important  projects. 

In  only  comparatively  few  cases  have  tne  States  failed  to  respond 
to  the  Bureau's  desire  to  establish  mutually  helpful  relations.  In 
one  instance  the  Bureau  has  been  constrained  to  abandon  well- 
matured  plans  for  the  extension  of  fish-cultural  operations  in  behalf 
of  a  State  because  of  what  appeared  to  be  the  intention  of  the  local 
authorities  to  set  aside  the  essential  provisions  of  a  law  that  afforded 
some  protection  during  the  spawning  season  to  the  fishes  in  whose 
artificial  propagation  and  distribution  the  Bureau  was  spending 
many  thousands  of  dollars. 

During  the  year  1920,  24  State  fish  commissions  received  from  the 
Bureau  assignments  of  fish  and  fish  eggs  aggregating  232,137,000 
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eggs,  3,016,000  fry,  and  660,000  fin^erlings.  The  eggs  were  mostly  of 
commercial  fishes  of  the  Great  Lakes  and  Pacific  coast,  furnished  to 
State  hatcheries  for  incubation,  with  the  intention  of  having  the  re- 
sulting young  planted  by  the  State  officials  in  suitable  local  waters. 
The  fingerlings  were  for  the  mostpart  fishes  secured  in  rescue  opera- 
tions in  the  Imssissippi  Valley.  The  details  of  this  State  cooperative 
work  are  as  follows : 

Allotment  of  Fish  and  Fish  Eggs  to  State  Fish  Commissions  During  the 

Fiscal  Year  1926. 

IJIU  flgares  are  for  eggs  anless  otherwlae  indicated.     Fingerlings  are  designated  a  and 

fry  6.] 


State  and  species. 

Nnmber. 

State  and  species. 

Number. 

^rfcinmff:  Rftrk  hwrn                   ,   , 

03,000 
4,235,000 

25,000 
30,000 

0600 

0261,200 

014,300 

0270 

O460 

0158,500 

0500 

/             40,000 

\            03,000 

98400 

417,105 

1,600,000 

f            93  000 

\            O3200 

07^500 

1,000,000 
20,150  000 
2,000,000 
/           25,000 
1           M6,600 
55,125,000 

015,550 
020,405 
02,500 
O8  950 
200,000 
25,000 

247,600 

50,000 

1,540,000 

78,400 
106,600 

25,000 

400,000 

2,500  000 

New  Jersey: 

1,000,000 
22)000 

IdaluK 

Ralnoow  trout 

Bkuskspofcted  treat 

New  York: 

T4lk9h<vrtng.. 

ChfnoQK  RAfanon. ........    .  .... 

87,700,000 
2,800  000 

TDhiffiK 

Whlteflah..^ 

Bladtbass 

Lake  trout  T... ....,,.. 

Qitfish 

Tjar^dlocked  salmon     - 

Grapple 

Ohio?  WhitAflAh 

Oklahoma:  Rainbow  trft"t-  

Yellow  perdi. 

Blackspotted  trout 

an^^^h        . 

106,000 

7,002,000 

100,000 

Broelr  tront. 

lWIPhO¥f  tFWlt 

Rainbow  trout 

lovra:  Rainbow  tooat 

Sockeye  salmon 

3,000,000 
700,000 
02,400 

010,000 

¥m>ner  'V4i]ndioclm1  nahnon . 

South  Pakota*  Prook  trout . . , 

Utah: 

Brook  trout 

Rainbow  trout 

096,000 

Vennont: 

Lake  trout 

/            25,000 

20,000 

25,000 

24,000,000 

bS,  000, 000 

T^Setimit  .    . 

Landlocked  salmon 

WYifteflffh 

Rt^ibend  salmon^ 

T^alre  h^TTf?<g 

Pike  perch 

iMnJiltwA^A  mtlmtvn 

.YeUow  perch 

Pike  perch 

Washington: 

Blackspotted  trout 

150,000 
85,000 
75,000 

MlmMoCa^ 

Lake  trout 

R1«i*kl)flfff , 

Rteelhead  salmon..-- 

Oi^«»»  . 

Wisconsin: 

Black  bass 

Cntmie 

00,550 

Catfish 

O16.750 

T^o^tnnit 

Crappie 

05,000 

Sun&h 

010,350 
0700 

Vontana: 

Yellow  perch 

W>»it^fliSi  .                     

13,680,000 

T«lretfnnt. 

Wyoming: 

Blackspotted  trout 

R^nbow  tront. 

100,000 
20,000 
48,000 

Nrirada: 

Lake  trout 

Brook  trout 

Rainbows  tfont 

RaiiilwHW  tnvit 

Total 

New  Hampshire: 

T«lretrfmt 

r    232,137,506 

O660  065 

(3, 016, 600 

Whitoflffh .     ., 

PfV^n^t^h.  

There  appears  to  be  no  evidence  that  the  State  of  Maryland  intends 
to  meet  the  conditions  imposed  by  Congress  in  the  matter  of  the 
reopening  and  operation  of  the  hatchery  at  the  head  of  Chesapeake 
Bay,  near  Havre  de  Grace.  This  hatchery  was  closed  by  order  of  the 
Secretarv  of  Commerce  on  January  27, 1917.  The  condemnation  and 
sale  of  the  property  should  be  considered. 

In  making  original  plants  of  nonindigenous  fishes  in  the  watei's  of 
any  State,  the  general  policy  and  practice  of  the  Bureau  are  to  defer 
to  the  recommendations  of  the  State  fishery  officials.    Individual  ap- 
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plications  are  referred  to  the  State  commissioners,  and  no  applica- 
tions are  filled  without  their  consent.  Being  impressed  with  the  im- 
portance of  safeguarding  State  waters  from  the  damage  that  may 
result  from  the  introduction  of  unsuitable  fishes,  the  Bureau  has,  for 
a  number  of  years,  in  cooperation  with  the  States  concerned,  sought 
to  discourage  the  planting  of  basses,  perches,  pikes,  and  other  fishes 
of  known  predatory  habits  in  the  Pacific  States,  because  of  the  injury 
that  may  DC  done  to  the  young  salmon  and  trout,  which  already 
have  enough  natural  enemies  with  which  to  contend.  This  policy 
meets  with  some  opposition  from  sportsmen  and  from  persons  who 
wish  to  stock  private  or  small  public  waters  with  fisnes  that  are 
different  from  those  occurring  locally.  It  is  well  known  that  there 
exist  in  the  Pacific  States  numerous  waters  not  inhabited  by  salmon 
and  trout  in  which  basses  and  other  spiny-rayed  fishes  would  thrive, 
but  it  appears  unwise  to  make  exceptions,  because  there  is  always  the 
possibility  of  the  introduced  fishes  escaping  at  times  of  flood  or 
becoming  established  bv  other  means  in  trout  or  salmon  waters. 
The  results  that  would  be  liable  to  follow  are  such  that  the  Bureau 
would  not  wish  to  share  any  responsibility  therefor,  and  its  proper 
course  undoubtedly  is  to  continue  refusing  to  entertain  applications 
of  that  character  even  if  State  officials  should  be  inclined  to  yield 
to  strong  importunities. 

PROPAGATION   OF  PACIFIC  SALMONS. 

While  the  egg  collections  at  the  Pacific  salmon  stations  for  the 
year  showed  a  decrease  of  approximately  7,000,000  as  compared  with 
1919,  the  net  results  of  the  year's  work  must  be  regarded  as  satisfac- 
tory. There  has  been  no  abatement  of  the  serious  handicap  imposed 
on  this  work  by  the  excessive  cost  of  materials  and  the  scarcity  and 
cost  of  labor.  Increased  appreciation  of  the  Bureau's  work  by  the 
extensive  commercial  interests  in  the  salmon  fishery  is  indicated  by 
their  requests  for  its  further  extension  and  by  the  cooperative  as- 
sistance they  have  rendered. 

At  the  At ognak  station  the  spawning  season  of  the  sockeye  salmon 
began  July  26,  and  by  August  22  eggs  to  the  number  of  73,133,000 
had  been  laid  down  in  the  hatchery,  filfing  all  a^vailable  space.  A  fur- 
ther collection  of  approximately  6,000,000  eggs  was  made  on  Sep- 
tember 8,  and  installed  for  incubation  in  boxes  of  gravel  in  accordance 
with  the  method  developed  by  A.  Eobertson,  at  the  Harrison  Hot 
Springs  hatchery  in  British  Columbia,  bringing  the  total  egg  collec- 
tions to  79,178,000. 

Unusually  favorable  conditions  prevailed  during  the  spawniujg 
season,  the  Litnik  Eiver  and  its  tributaries  being  at  a  stage  to  permit 
of  the  easy  ascent  c^f  fish  and  at  the  same  time  allow  the  installation 
of  the  racks.  The  winter  was  also  mild,  with  but  little  snow,  and  com- 
munication between  the  station  and  the  village  was  rendered  simple 
by  the  absence  of  ice  in  the  bay  and  snow  on  the  tramroad.  The  egg 
collections  exceeded  those  of  the  previous  year,  and  it  was  estimated 
that  the  fish  taken  for  artificial  propagation  did  not  represent  more 
than  50  per  cent  of  the  spawning  salmon  that  entered  the  lake.  After 
the  completion  of  tlie  egg  collections,  the  racks  were  removed  in  order 
that  the  remaining  fish  might  have  free  access  to  the  natural  spawning 


Digitized  by 


Google 


REPORT  OF  THE  COMMISSIONER  OF  FISHERIES.  29 

beds,  and  as  late  as  September  18  green  fish  in  considerable  numbers 
were  observed  at  the  mouths  of  creeks  tributary  to  the  lake.  The  run 
of  sabnon  in  Litnik  River  has  shown  a  steady  increase  since  the  vol- 
canic eruption  in  1912,  at  which  time  it  was  practically  destroyed. 

DuringOctober  10,000,000  eyed  sockeye  eggs  were  forwarded  to 
Seattle,  Wash.,  arriving  there  in  excellent  condition.  From  that 
point  7,000,000  were  diverted  to  the  Quinault  Lake  hatchery  and 
3,000,0(X)  were  consi^ed  to  the  State.  Fish  and  Game  Commission's 
hateherv  at  Bonneville,  Oreg.  In  March  a  lot  of  3,300,000  eggs 
whose  development  had  been  retarded  as  much  as  possible  was  trans- 
ferred by  a  steamer  of  the  Pacific  American  Fisheries  Co.,  to  Ikatan, 
Alaska,  m  charge  of  an  employee  of  the  Af  ognak  station.  The  eggs 
were  incubated  on  trays  in  one  of  the  buildings  belonging  to  the  com- 
pany, and  the  resulting  f *y  were  liberated  in  May  in  tributaries  of 
Ikatan  Lake. 

The  total  destruction  of 'the  retaining  rack  at  Yes  Bay  by  the 
heavy  drift  brought  down  by  the  high  water  of  September  17,  the 
sixth  day  of  the  spawniujg  season,  reduced  the  collection  of  sockeye- 
sahnon  eggs  at  that  station  to  the  lowest  point  in  its  history^  only 
9,752^000  being  secured.  After  the  destruction  of  the  rack,  seining  in 
the  nver  was  continued  up  to  September  24,  but  with  unsatisfactory 
results,  as  with  no  barrier  to  stop  them  the  majority  of  the  fish 
passed  upstream.  The  eggs  obtained  were  of  good  quality  and 
hatched  with  a  loss  of  less  than  4  per  cent.  The  output  of  the  sta- 
tion, including  8,628,000  fingerling  fish  carried  over  from  the  pre- 
vious year,  amounted  to  12,678,000  sockeye-salmon  fingerlings,  and 
at  the  close  of  the  fiscal  year  6,355,000  fish  were  still  in  the  station 
ponds. 

In  addition  to  the  fish-cultural  operations  outlined,  a  considerable 
amount  of  construction  and  repair  work  essential  to  the  proper  main- 
tenance of  the  station  was  undertaken.  The  importance  of  these  re- 
pairs has  been  apparent  for  several  years,  but  because  of  their  exten- 
siveness  it  has  not  been  possible  to  set  aside  from  the  appropriation 
for  salmon  propagation  a  sufiicient  amount  to  meet  the  requirements 
without  curtailmg  ^riously  tlie  fish-cultural  part  of  the  work.  The 
unsafe  condition  of  the  water-supply  flume  has  long  been  the  cause 
of  much  worry,  and  as  it  appeared  to  have  reached  the  full  limit  of 
endurance  at  the  end  of  the  fiscal  year  1919,  it  was  decided  to  use  the 
regular  allotment  for  installing  a  pipe  line,  a  right  of  way  having 
already  been  surveyed,  and  thus  give  the  station  a  water  supply  for 
present  needs,^with  ample  reserve  for  future  expansion  of  the  hatch- 
ery, and  at  the  same  time  furnish  power  for  a  lighting  plant.  Six 
thousand  feet  of  woodstave  pipe  were  obtained,  and  2,3(W  leet  of  tres- 
tle for  carrying  the  pipe  were  constructed.  The  available  funds  were 
not  sufficient  to  carry  the  work  to  completion  because  of  the  prevail- 
ing high  prices  of  ail  material  and  labor,  but  the  importance  of  fin- 
ismng  the  project  and  of  making  other  essential  repairs  at  the 
earli^  possible  date  is  indicated  by  the  collapse  during  the  winter 
of  more  than  100  feet  of  the  old  flume.  Because  of  the  small  number 
of  troughs  required  to  accommodate  the  light  collection  of  eggs,  no 
loss  of  eggs  was  occasioned,  though  the  hatchery  was  without  an  ade- 
quate supply  of  water  for  several  hours.  On  account  of  the  decayed 
condition  or  floor  timbers  and  foundation  posts,  a  number  of  hatch- 
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ing  troughs  were  overturned  earlier  in  the  season  by  the  support  on 
which  they  stood  breaking  through  the  floor.  No  loss  occurred,  but 
Had  the  hatchery  been  filled  with  eggs  or  fry,  as  would  have  been  the 
case  in  a  normal  season,  either  of  these  incidents  could  not  have  failed 
to  result  in  a  large  loss  of*  stock.  The  trestle,  constructed  primarily 
to  carry  the  new  pipe  for  water  supply,  is  built  to  accommodate  a 
tramcar,  thus  making  available  for  the  convenient  use  of  the  station 
a  large  amount  of  timber  suitable  for  fuel  and  also  for  lumber. 
Other  important  work  accomplished  by  the  station  employees,  with 
material  already  on  hand  and  without  additional  expense,  was  the 
replacing  at  1,600  feet  of  plank  walk  about  the  station  grounds,  com- 
pleting new  foundation  for  thcr  superintendent's  residence,  construct- 
mff  1,320  feet  of  tramway  from  the  hatchery  to  the  boathouse  on  the 
lake  shore,  and  equipping  it  with  12-pound  iron  rails.  This  com- 
pletes the  tramway,  extending  from  tidewater  to  the  hatchery,  over 
which  all  supplies  reach  the  station. 

From  the  stations  in  the  Washington  field,  not  including  Quinault, 
the  total  output  for  the  year  amounted  to  29,956,700  eggs,  fry,  and 
fingerlings,  these  figures  including  125,000  eyed  steelhead-salmon  eggs 
supplied  to  applicants.  While  this  output  was  somewhat  below  the 
previous  season's,  the  falling  off  is  attributable  to  a  series  of  untoward 
circumstances  rather  than  to  a  decrease  in  the  run  of  salmon,  'and  a 
gratifying  increase  in  the  yield  of  sockeye  and  silver-salmon  eggs  is 
to  be  recorded. 

On  July  21,  1919,  all  the  buildings  and  equipment  at  the  Baker 
Lake  station  were  destroyed  by  fire.  As  immediate  action  was  neces- 
sary to  safeguard  the  eggs  available  from  the  sockeye  salmon  already 
entrapped  there,  funds  intended  for  use  in  other  fields  were  diverted 
for  this  more  important  purpose.  As  a  consequence  operations  had 
to  be  discontinued  for  the  year  at  Darrington,  Day  Creek,  and  Illabot 
Creek,  at  each  of  which  points  traps,  flumes,  and  other  equipment 
had  suffered  damage  from  floods  and  ice  during  the  winter,  and 
fimds  were  not  available  for  making  repairs. 

Low  water  in  Grandy  Creek  and  Skagit  River  during  the  spawn- 
ins  season  of  the  humpback  and  chinook  salmons  curtailed  egg 
collections  for  the  Birdsview  station.  The  run  of  humpbacks  was 
light,  but  chinooks  were  in  evidence  in  the  river,  though  oeyond  the 
reach  of  traps  or  seines  and  unable  to  attain  the  spawning  grounds 
in  the  tributaries.  The  number  of  eggs  taken  was  74,000  of  himip- 
backs  and  54,000  of  chinooks.  Conditions  were  better  during  the 
silver-salmon  run,  and  2,198,000  eggs  were  secured.  This  stock  was 
augmented  by  the  transfer  of  2,418,000  eggs  from  the  Baker  Lake 
coflections.  Steelhead-salmon  eggs  to  the  number  of  255,000  also 
were  taken  at  Birdsview. 

The  largest  run  of  sockeye  salmon  recorded,  during  the  past  10 
years  occurred  at  the  Baker  Lake  station.  Ine  first  fish  entered 
the  trap  at  the  lake  outlet  on  July  1,  and  the  run  continued  until 
August,  during  which  period  7^800  fish  were  taken  and  transferred 
to  the  retaining  inclosure  for  ripening.  At  spawning  time  8,835  of 
the  number  on  hand — about  49  per  cent — were  females,  which 
yielded  11,150,000  eggs  of  good  quality.  Approximately  200  of  the 
female  brood  fish  escaped  from  the  retaining  inclosure  during  a 
sudden  rise  in  the  lake,  the  racks  at  either  end  of  the  inclosure 
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being  somewhat  out  of  repair;  material  for  repairs  to  these  racks 
was  destro;)red  by  the  fire  already  mentioned  and  could  not  be  re- 
placed in  tmie.  A  large  run  of  silver  salmon  also  occurred  in  Baker 
Ijake^  but  the  river  stages  were  low  during  the  early  part  of  the  fall, 
and  nsh  did  not  ascend  to  the  lake  until  November,  when  the  heavy 
rains  in  progress  caused  a  rise  of  12^  feet  above  normal,  overflow- 
ing the  trap  and  permitting  many  of  the  fish  to  escape.  The  total 
collection  of  2,600,000  eggs  was  transferred  to  Birdsview  imme- 
diately after  being  eyed.  The  sockeye  eggs  passed  through  the 
incubation  period  with  only  nominal  losses,  and  10,250,000  advanced 
fry  were  returned  to  Baker  Lake. 

After  the  fire  of  July  21,  which  destroyed  the  hatchery,  mess  house, 
blacksmith  shop,  oil  house,  foreman's  cottage,  and  other  small  build- 
ings, with  all  tools  and  hatchery  equipment,  it  required  the  most 
energetic  efforts  on  the  part  of  the  station  personnel  to  complete  ar- 
rangements in  advance  of  the  spawning  season  in  September  for 
handling  the  large  numbers  of  eggs  it  was  expected  to  collect  from  the 
brood  fish  on  hand.  The  task  was  especially  difficult  because  of  the 
location  of  the  station  with  regard  to  transportation  facilities,  the 
nearest  railroad  station  being  18  miles  distant  and  accessible  only  by 
pack  horses.  The  first  eggs  were  placed  in  eight  troughs  constructed 
from  lumber  salvaged  from  the  fire.  Bv  October  6  a  new  sawmill  was 
in  operation,  and  40  new  troughs  had  been  constructed  from  lumber 
manufactured  on  the  grounds.  In  equipping  the  troughs  to  receive 
eg^  and  fry,  more  than  a  thousand  trays  of  three- fourths  inch 
strips  covered  with  wire  mesh  were  required.  Early  in  November  the 
special  appropriation  of  $50,000  provided  by  Congress  for  the  recou; 
struction  of  the  station  became  available,  when  the  station  force  was 
augmented  by  the  employment  of  temporary  labor.  The  sawmill 
machinery  was  housed  by  a  building  60  by  80  feet,  a  temporary  shelter 
was  erected  over  the  hatching  troughs,  and  the  work  of  cutting  timber, 
clearing  the  grounds  of  wreckage  from  the  fire,  and  operating  the 
sawmiU  was  pushed  as  rapidly  as  possible.  The  sawmill  and  con- 
struction wort  had  to  be  suspended  during  the  winter,  as  ice  in  the 
lake  prevented  the  movement  of  logs  to  the  mill,  but  it  was  resumed 
by  March  20.  and  at  the  close  of  the  fiscal  year  the  lower  frame  for 
the  new  hatcning  building  had  been  completed.  This  building  is  56 
feet  wide  and  130  feet  long,  with  12-foot  walls.  It  will  contam  150 
standard  salmon  troughs,  and  with  the  contemplated  tray  system  it 
will  have  a  capacity  for  handling  approximately  40,000,000  eggs  and 
fry  to  the  feeaing  stage. 

Although  climatic  and  other  conditions  were  unfavorable  at  the 
Duckabusn  station,  the  egg  collections  exceeded  those  of  several  years 
jmst.  The  summer  run  of  chum  salmon  was  very  good,  and  6,450,000 
eggs  were  obtained.  The  fish  were  taken  in  trap  and  seines  at  the 
mouth  of  the  river,  and  transported  by  autotruck  a  distance  of  3 
miles  to  the  hatchery  without  washing,  this  method  having  proved 
the  most  satisfactory  in  making  trans&rs  of  green  e^gs  of  uie  chum 
salmon.  The  "  water-hardening "  process  is  delayed  by  permitting 
the  eggs  to  remain  unwashed  in  the  milt,  and  experiments  conducted 
last  season  indicate  that  eggs  reaching  the  hatchery  within  an  hour 
after  being  taken  suffer  little  loss,  while  those  held  for  a  longer  period 
invariably  show  a  serious  mortality.    An  excellent  run  of  steelhead 
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salmon  occurred  at  this  point,  but  because  of  high  water  the  egg  col- 
lections were  not  large,  aggregating  only  405j000.  Another  uniavor- 
able  feature  was  the  necessity  of  transferring  male  fish  from  the 
Quilcene  station,  as  the  run  in  the  Duckabush  JRiver  appeared  to  be 
largely  made  up  of  females. 

At  the  Quilcene  station  the  numbers  of  all  species  of  salmon  reach- 
ing the  racks  were  small,  and  as  a  consequence  the  egg  collections 
were  not  as  large  as  last  season.  This  section  of  Hoods  Canal  is  sub- 
jected each  year  to  active  fishing  by  purse  seines,  and  the  high  prices 
of  recent  years  have  been  an  added  incentive  to  such  operations. 
While  the  law  prohibits  the  use  of  seines  within  a  certain  specified  dis- 
tance of  the  mouths  of  all  salmon  streams,  a  large  number  of  spawn- 
ing fish  are  taken  directly  in  the  mouths  of  certain  streams  entering 
the  canal,  to  the  detriment  of  the  Bureau's  work  and  the  future  sup- 
ply. The  eggs  taken  at  Quilcene  station  during  the  year  were 
2,200,000  chum,  1,130,000  silver,  and  460,000  steelhead.  In  addition, 
2,402,000  chum-salmon  eggs  were  transferred  from  the  Brinnon  col- 
lecting station.  At  Sultan,  where  the  year's  work  in  fish  culture  com- 
pares favorably  with  that  of  other  years,  there  were  taken  3,167,000 
silver,  135,000  chinook,  and  92,000  steelhead  eggs.  Practically  all  of 
the  silver  salmon  were  taken  during  the  period  between  November  1 
and  December  15,  when  commercial  fishing  is  restricted  at  the  mouth 
of  the  Snohomish  River,  and  but  few  eggs  were  secured  after  the  be- 
ginning of  commercial  operations. 

The  collection  of  sockeye-salmon  eggs  at  the  Quinault  station — 
8,035,000 — exceeded  the  take  of  the  preceding  year  by  over  60  per 
cent.  During  October  this  station  was  supplied  with  7,000,000  sock- 
eye  eggs  from  the  Afognak  station.  This  shipment  was  made  with 
two  objects  in  view,  namely,  to  relieve  the  crowded  condition  of  the 
Afognak  station,  where  more  eggs  had  been  taken  than  could  be 
cared  for  locally,  and  to  maintain  the  sockeye  salmon  in  Quinault 
Lake,  this  lake  and  Baker  Lake  being  the  only  places  in  the  United 
States  outside  of  Alaska  where  important  spawning  grounds  of  the 
sockeye  salmon  exist.  When  the  first  eggs  were  taken,  on  October 
28,  and  up  to  November  14,  spawning  operations  were  rendered  diffi- 
cult by  the  low  water,  but  on  November  15  a  rise  of  more  than  13 
feet  occurred  in  Quinault  Lake,  overflowing  the  racks  in  all  streams 
and  permitting  many  salmon  to  escape.  Fishing  was  resumed 
on  November  19  and  continued  until  December  16,  when  there  was 
a  second  rise,  followed  by  the  escape  of  many  more  spawning  fish. 
In  connection  with  the  sockeye  operations,  750,000  silver-salmon 
eggs  were  taken.  Notwithstanding  that  the  run  of  this  species  ap- 
peared to  be  in  excess  of  last  season's  run,  the  egg  collection  was 
much  smaller,  this"  being  one  consequence  of  the  prevailing  floods. 
It  is  a  characteristic  of  the  silver  salmon  to  enter  spawning  streams 
in  the  largest  numbers  in  times  of  high  water,  and  many  fish  passed 
the  retaining  racks  while  they  were  submerged.  Chijiook-salmon 
eggs  to  the  number  of  40,000  were  secured.  During  December  the 
station  experienced  a  period  of  the  coldest  weather  ever  recorded  in 
that  region,  the  thermometer  registering  for  a  time  just  above  the 
zero  mark.  This  occasioned  the  loss  of  a  number  of  sockeye-salmon 
fry  in  the  rearing  ponds  and  necessitated  the  immediate  liberation 
of  others  in  the  lake. 
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Experiments  were  conducted  to  ascertain  the  value  of  seal  liver 
as  food  for  young  salmon  as  compared  with  other  foods  in  general 
use.  At  the  close  of  the  year  there  was  no  appreciable  diflference  in 
the  size  or  condition  of  the  fish  receiving  the  seal-liver  diet,  as  com- 
pared with  other  lots  feeding  on  pork  liver  and  fresh  fish. 

The  usual  work  of  rescuing  salmon  and  trout  fingerlings  from  pools 
that  become  dry  during  the  summer  was  taken  up  m  July  and 
August,  and  upward  of  10,000  fingerlings  of  the  silver  salmon  and 
blackspotted  trout  were  taken  and  returned  to  deep  waters.  At  the 
close  of  the  fiscal  year  there  remained  on  hand  at  the  station  1,500,000 
sockeye  fingerlings. 

An  outstanding  feature  of  the  salmon  work  in  the  Oregon  field 
was  the  successful  rearing  of  an  increased  number  of  chinook  salmon 
to  the  fingerling  sta^e.  The  output  of  chinook  fingerlings  from  the 
Columbia  River  stations,  including  75,000  retained  at  the  end  of  the 
year  for  marking,  exceeded  29,000,000,  all  of  them  being  of  Nos.  2, 
2^,  and  8  fingernng  size.  Another  interesting  point  in  connection 
with  this  work  was  the  very  satisfactory  outcome  of  experiments  in 
the  use  of  frozen  salmon  eggs  for  fish  food.  Approximately  13,000 
pounds  of  the  immature  spawn  of  salmon  taken  by  commercial  fisher- 
men were  purchased  from  local  canneries  at  5  cents  per  pound  and 
held  in  cold  storage  at  Portland  for  use  as  needed.  In  preparing  it 
for  feeding  to  the  young  salmon,  the  frost  was  extracted  by  sub- 
merging it  in  cold  water  for  a  few  hours,  after  which  it  was  cooked 
in  a  double  boiler  for  two  and  one-half  hours,  being  stirred  at  fre- 
quent intervals  while  cooking.  Salmon  fry  receiving  a  regular  diet 
of  this  material,  with  an  occasional  meal  of  beef  spleen,  made  more 
rapid  growth,  were  more  vigorous,  and  suffered  less  mortality  than 
any  lot  of  fish  previously  reared  in  this  region.  The  cost  of  the  eggs 
is  more  than  that  of  salted  flesh  of  the  spawned^out  salmon,  which 
has  been  used  so  extensively  at  all  of  the  Pacific  coast  stations,  but  its 
demonstrated  superiority  as  a  food  for  young  fish  would  seem  to 
warrant  its  purchase  in  larger  quantities  during  the  year  1921. 

Notwithstanding  that  the  very  active  commercial  fishery  conducted 
in  th€#  Columbia  River  each  year  was  augmented  last  season  by  an 
increased  number  of  drift-net  and  trap-net  fishermen,  chinook-salmon 
eggs  in  excess  of  20,000,000  were  taken  at  the  Little  White  Salmon 
station,  the  spawning  season  being  from  September  19  to  October  15. 
The  operations  were  not  altogether  favorable,  as  both  the  Columbia 
and  Little  White  Salmon  Rivers  were  at  low  stage  throughout  the 
period  the  fish  were  running.  The  chum  and  silver  salmons,  until 
recently  practically  ignorea  by  Columbia  River  fishermen,  were 
sought  during  the  past  season  as  eagerly  as  the  chinook.  Collections 
of  eggs  of  these  species  amounted  to  204,000  chum  and  27,000  silver. 
Transfers  of  eyed  chinook  eggs  were  made  to  provide  room  for  the 
feeding  of  fry  and  also  for  the  purpose  of  improving  the  run  of  the 
species  at  other  points.  The  Clackamas  station  received  2,110,000, 
Upper  Clackamas  800,000,  and  the  State  hatchery  at  Bonneville 
4,000,000.  With  the  exception  of  750,000  advanced 'fry  which  were 
retained  in  the  wide  water  above  the  rack,  all  the  fish  resulting  from 
the  eggs  remaining  at  the  station  were  reared  to  fingerling  sizes  Nos. 
2  and  3,  and  more  than  11,250,000  were  returned  to  the  river. 
12136**— 20 5 
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The  operations  at  the  Big  White  Sahnon  proved  successful  in 
every  respect,  16,000,000  chinook-sabnon  eggs  being  collected  during 
the  spawning  season,  as  against  10,665,000last  year.  Nearly  half  or 
the  eggs  collected  were  obtained  from  fish  taken  in  Spring  Creek, 
thus  seemingly  furnishing  direct  evidence  of  the  efficacy  of  the 
hatchery  and  in  support  of  the  "  parent-stream  "  theory,  as  the  natural 
conditions  that  existed  at  the  mouth  of  this  stream  prior  to  the 
Bureau's  work  were  such  as  to  preclude  the  ascent  of  salmon;  the 
fishway  provided  to  make  this  stream  accessible  to  the  fish  proved 
satisfactory  in  all  respects.  Fish  entered  the  stream  in  such  large 
numbers  that  at  one  time  it  was  feared  the  natural  flow  of  water 
would  be  insufficient  to  hold  them  without  loss.  To  guard  against 
this,  a  flume  of  temporary  construction  was  laid  along  the  bank,  with 
spillways  at  frequent  intervals  to  insure  more  thorough  aeration  of 
the  water.  The  advantages  gained  from  this  work  are  that  Spring 
Creek  is  adjacent  to  the  hatchery,  and  eggs  taken  therefrom  are  oi 
a  much  better  quality  than  those  secured  from  the  Big  White  Salmon 
Eiver.  Eggs  xrom  Spring  Creek  are  in  the  hatching  baskets  before 
hardening  has  taken  place,  whereas  several  hours  must  elapse  before 
eggs  taken  from  the  river  reach  the  hatchery.  It  is  frequently  neces- 
sary to  transport  the  eggs  by  boat  in  the  rough  water  of  the  Columbia, 
which  has  a  tendency  to  increase  the  loss.  Of  the  eggs  collected 
3,000,000  were  shipped  in  the  eyed  stage  to  other  stations,  and  from 
the  remainder  11,600,700  large  vigorous  fish  were  liberated  in  the  Co- 
lumbia Eiver  tributaries.  The  loss  on  eggs  and  fish  throughout  the 
season  was  very  light. 

The  usual  preparations  were  made  for  the  collection  of  chinook- 
salmon  eggs  at  the  Rogue  River  station,  the  only  modification  of  the 
work  being  the  installation  of  the  head  rack  early  in  April.  By  this 
means  some  of  the  early-rim  fish  were  stopped.  The  slight  increase 
in  the  egg  collections  from  the  river  may  be  attributed  to  this  cause, 
as  very  rew  fish  are  able  to  reach  the  upper  portions  of  the  stream 
after  commercial  fishing  begins  on  April  15.  It  is  expected  that 
favorable  action  will  be  taken  by  the  next  legislature  on  a  bill  to 
shorten  the  fishing  season,  and  it  is  believed  that  the  results  hf  this 
action  and  of  the  new  fishway  in  the  Ament  dam  will  be  manifested 
in  an  increasing  number  of  eggs  taken  another  season.  Chinook- 
salmon  eggs  to  the  number  of  1.362,000  were  collected;  these,  with 
1,020,000  received  from  the  State  natchery,  were  successfully  hatched, 
resulting  in  an  output  of  2,306,700  No.  2  fingerlings. 

At  the  Applegate  Creek  station  the  destruction  by  flood,  during 
the  winter  oi  1918-19,  of  the  irrigation  dam  by  means  of  which 
the  station  secured  its  collection  of  eggs  necessitated  new  construction. 
As  the  principal  egg  collections  occur  during  winter,  frequently  when 
the  river  is  at  flood  stage,  it  was  necessary  to  construct  a  barrier  of  a 
permanent  nature,  and  a  fin  rack  anchored  to  cement  piers,  with 
traps  at  the  shore  line,  was  thrown  across  the  stream.  The  structure 
has  operated  successfully  and  withstood  the  floods  of  last  winter 
without  damage.  In  undertaking  this  work  it  was  necessary  to  wait 
for  low  water,  which  occurred  during  October  and  November.  It 
was  impossible  to  complete  the  structure  in  time  to  stop  the  run  of 
silver  salmon,  which  was  light,  and  lasted  but  two  days.  As  at  the 
Rogue  River  station,  low  water  prevented  the  main  body  of  the  fish 
from  reaching  the  spawning  grounds,  and  the  collection  of  steelhead- 
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salmon  eggs  was  reduced  fully  50  per  cent  from  this  cause.  The 
season's  take  was  2,086,000  steemead  eggs,  of  which  600,000  were  for- 
warded to  the  Rogue  River  station  and  700,000  tq  the  State  hatchery 
at  Butte  Falls.  The  remahider  were  hatched  and  the  resulting  fry 
liberated  in  Applegate  Creek  and  other  near-by  tributaries  of  the 
Boffue  River. 

Acknowledgment  is  made  of  ths  cordial  assistance  received  from 
the  Or^on  Jish  and  Game  Commission  and  the  local  cannery  inter- 
ests. Without  their  cooperation  the  extensive  feeding  of  salmon 
which  was  conducted  in  the  Oregon  field  would  not  have  been  pos- 
sible. 

The  drought,  adversely  affecting  fish-cultural  work  in  southern 
Oregon,  extended  to  California,  the  past  winter  being  unusually  mild 
and  almost  without  rain.  The  reduced  egg  collections  in  California 
are  attributed  partly  to  that  cause.  The  racks  installed  in  the  Mc- 
Cloud  River  during  the  latter  part  of  the  fiscal  year  1919  resulted  in 
the  collection  of  1,350,000  eggs  of  the  spring-run  chinook  salmon. 
These  were  incubated  without  undue  loss,  and  the  fry  were  reared  to 
fin^erlings.  During  the  incubation  period  the  gravity  flume  was 
wimout  water,  and  the  hatchery  was  supplied  by  pumping  from  the 
MeCloud  River.  The  racks  were  removed  after  the  spring  run  of 
fish  was  over,  as  the  fall  run  of  fish  at  this  point  has  never  l^en  sum- 
ciently  large  to  warrant  the  expense  involved  in  taking  eggs.  The 
racks  have  a^ain  been  installed  for  the  1920  season  for  the  spring  run 
of  salmon,  but  the  indications  are  that  the  effort  will  meet  with 
failure.  The  conditions  existing  at  the  irrigation  dam  at  Redding 
have  not  been  remedied,  and  this,  in  connection  with  the  protracted 
drought,  has  prevented  salmon  from  ascending  the  Sacramento 
Kiver.  Notice  was  served  on  the  responsible  persons  by  the  Califor- 
nia Fish  and  Oame  Commission  to  construct  a  fish  way  in  accordance 
with  the  laws  of  the  State,  and  plans  of  a  suitable  structure  were 
furnished,  but  this  notice  was  ignored.  The  matter  is  now  in  the 
hands  of  the  legal  authorities,  who  should  take  prompt  action  to  com- 
pel compliance  with  the  law. 

At  Battle  Creek  the  collections  totaled  4,078,000  eggs,  as  against 
5-384,000  the  preceding  year.  The  usual  shipments  were  made  to  the 
State  hatchery  at  Sisson,  and  from  those  kept  at  the  station  3,619,000 
No.  H  fingerhngs  were  produced.  Some  further  work  was  performed 
on  the  pond  system  established  last  season,  and  the  pipe  line  and 
supply  oitch  were  completed.  The  decrease  in  the  number  of  eggs  col- 
lected at  the  Mill  Creek  station  is  larger  than  at  Battle  Creek,  6,358,000 
being  the  total  for  1920,  while  17,284,500  were  secured  last  season. 
Shipments  to  the  number  of  4,000,000  were  transferred  to  the  Sisson 
State  hatchery  in  the  eyed  stage,  and  2,122,000  fingerlings  were  pro- 
duced from  the  remainder. 

The  stack-tray  system  of  handling  eggs  and  fry  was  tried  at  sta- 
tions in  this  field,  with  as  satisfactory  results  as  have  been  derived 
from  that  form  of  apparatus  at  other  salmon  stations. 

PROPAGATION  OF  COMMERCIAL  FISHES  OF  THE  GREAT  LAKES. 

Climatic  conditions  during  the  spawning  seasons  of  the  principal 
fishes  of  the  Great  Lakes  were  extremely  variable  and  on  the  whole 
very  unfavorable  in  1920.    The  lakes  in  fall,  early  winter,  and  spring 
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are  subject  to  severe  storms  and  sudden  variation  in  temperature. 
It  is  at  the  spawning  season  that  the  commercial  fishermen  obtain 
their  principal  catch,  and  the  Bureau  is  dependent  almost  entirely 
on  the  results  of  their  efforts  for  its  slipply  of  eggs  for  artificial 
propagation.  It  follows  that  the  outcome  ox  any  season's  work  de- 
pends largely  upon  the  extent  to  which  the  fishermen  are  able  to  ply 
their  trade.  There  are,  of  course,  other  factors  that  make  for  the 
success  or  failure  of  the  work,  but  the  weather  conditions  are  the 
governing  factor. 

Collections  of  whitefish  eggs  were  made  in  each  of  the  five  Great 
liakes,  and  there  were  taken  420,425,000  eggs  against  650,868^00  for 
last  season,  the  largest  numbers,  as  usual,  from  Lake  Erie.  The  de- 
crease was  not  ascribable  to  any  falling  off  in  the  number  of  fish  on 
the  spawning  grounds.  On  the  contrary,  there  was  an  excellent  run 
of  fish,  fully  equaling,  if  not  exceeding,  that  of  last  season.  The  out- 
come was  due  entirely  to  unfavorable  weather  that  prevailed  through- 
out the  egg-collecting  period. 

The  field  work  in  Lake  Erie  yielded  317,360,000  whitefish  eggs,  the 
most  productive  points  being  Fort  Clinton,  Middle  Bass  Island,  Put 
in  Bay,  Monroe,  and  Isle  St.  George.  While  the  collections  were  25 
per  cent  less  than  in  the  previous  year,  the  eggs  were  of  excellent 
quality  and  the  percentage  of  healthy  fry  was  the  highest  ever 
attained  at  the  Put  in  Bay  station.  Transfers  of  eggs  were  made  to 
the  Ohio,  Michigan,  and  Minnesota  fish  commissions  and  to  the 
Bureau's  hatcheries  at  Duluth  and  Charlevoix.  The  eggs  that  were 
retained  produced  200,000,000  fry,  which  were  planted  in  local 
waters.  The  mean  incubation  period  was  133^  days,  10  days  longer 
than  in  the  previous  season,  with  the  mean  water  temperature  2""  F. 
lower. 

Acceding  to  the  urgent  requests  of  persons  interested  in  the  com- 
mercial fisliery  for  carp  in  tributaries  of  Lake  Erie,  the  artificial 
propagation  of  this  species  was  resumed  in  the  spring  of  1920.  A 
battery  was  set  up  at  Port  Clinton  and  the  same  methods  of  manipu- 
lation that  proved  successful  last  season  were  employed.  The  results 
were  satisfactory,  47,250,000  eggs  being  obtained  from  fish  taken  in 
seines  by  the  commercial  fishermen  and  37,800,000  fry  produced  and 
liberated.  The  first  eggs  were  taken  on  June  2  and  hatched  on  the 
fifth  day  after  being  placed  in  the  jars,  the  eye  spots  appearing  on 
the  third  day.  Eggs  taken  later  in  the  season  eyed  on  the  second 
day  and  hatched  on  the  third,  in  a  mean  temperature  of  74J^  F. 
The  collections  of  last  season  amounted  to  28,500,000  eggs.  The  local 
fishing  interests  are  in  the  heartiest  accord  with  this  work  and  have 
rendered  valuable  assistance  by  furnishing  a  building,  men,  and 
equipment. 

The  collection  of  whitefish  eggs  was  undertaken  for  the  Charlevoix 
hatchery  at  the  usual  points  in  Lakes  Michigan  and  Huron.  Rough 
weather  so  interfered  with  fishing  operations  that  the  take  of  eggs 
was  reduced  to  approximately  one-half  of  last  season's,  only  17,- 
680,000  being  obtained,  but  all  were  of  unusually  high  quality  and 
produced  healthv  fry.  Because  of  the  widely  separated  points  at 
which  the  whitefish  fishery  is  conducted,  the  establishment  of  a  field 
station,  provided  with  suitable  crates  for  holding  the  fish  for  ripen- 
ing, located  at  some  central  point  on  the  north  shore  of  Lake  Mich- 
igan, should  be  considered. 
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Just  prior  to  the  whitefish  spawning  season  on  Lake  Ontario 
arrangements  were  made  with  the  Dominion  and  Ontario  provincial 
fishery  authorities  for  the  cooperative  collection  of  eggs  in  the  Cana- 
dian waters  of  Lake  Ontario.  Under  this  aripangement  it  was  agreed 
that  the  first  30,000,000  eggs  obtained  by  American  spawn  takers  in 
Canadian  waters  should  be  delivered  to  the  provincial  hatcheries,  but 
that  all  collections  in  excess  of  that  number  were  to  be  sent  to  the 
Cape  Vincent  station.  '  It  later  developed  that  the  provincial  hatch- 
ery required  only  21,800,000  eggs,  and  that  was  the  actual  number 
furnished.  The  plans  outlined  early  in  the  season  provided  for 
collecting  stations  at  Deseronto,  Bygotts  Point,  and  along  the  shor^ 
near  South  Bay,  Ontario.  A  severe  storm  during  the  first  week  of 
operations  precluded  anv  collections,  and  when  the  weather  improved 
the  season  was  well  aavanced.  At  this  time  the  market  price  of 
whitefish  dropped  to  6  cents  per  pound,  which  resulted  in  the  practi- 
cal abandonment  of  the  fishery  at  Deseronto.  Still  another  incident 
that  had  the  effect  of  further  handicapping  the  fish-cultural  work  at 
this  point  was  the  opposition  by  fishermen  to  the  recent  action  of 
Dommion  and  provincial  fishery  authorities  in  closing  certain  sec- 
tions of  the  upper  reaches  of  the  Bay  of  Quinte  to  commercial  fishing. 
This  feeling  was  reflected  in  the  failure  of  many  of  the  fishermen  to 
lend  assistance.  Only  6,300,000  whitefish  eggs  were  obtained  in  the 
Deseronto  field,  but  there  is  reason  to  believe  that  by  establishing 
better  relations  with  the  local  fishermen,  and  with  favorable  weather, 
this  point  can  be  extensively  developed  as  a  collecting  station.  At 
Bygotts  Point  and  South  Bay  the  fishermen  were  in  hearty  accord 
with  the  work  and  rendered  valuable  assistance.  However,  the 
weather  was  a  serious  drawback,  and  egg  collections  at  both  points 
suffered  therefrom.  At  South  Bay,  for  example,  the  total  take  of 
whitefish  eggs  for  the  season  was  39,805,000,  of  which  number  25,- 
000,000  were  taken  in  two  nights  of  favorable  weather.  Bygotts 
Point  station  yielded  30,560,000  eggs.  Each  bf  these  fields  is  com- 
paratively new,  being  occupied  for  the  second  time  only,  but  promises 
to  be  very  productive  when  fully  developed.  On  the  grounds  near 
Cape  Vincent  8,800,000  eggs  were  secured,  bringing  the  grand  total 
for  the  season  to  83,665,(W0  eggs.  In  addition  to  those  turned  over 
to  the  Province  of  Ontario,  2,800,000  eggs  were  shipped  to  the  New 
York  Conservation  Commission,  2,500,(X)0  eyed  eggs  were  planted  in 
Lake  Ontario,  and  small  lots  of  eyed  eggs  to  the  number  ot  1,900,000 
were  shipped  to  Central  Station,  the  New  York  Aquarium,  and 
Warren,  N .  Y.  The  remainder  were  retained  at  the  station  and  the 
resulting  fry  returned  to  the  waters  of  Lake  Ontario. 

In  the  lake  herring  or  cisco  work  on  Lake  Ontario  no  new  fields 
were  entered  in  1920.  Collections  of  eggs  from  the  catches  of  the 
fishermen  were  made  at  Sodus  Point,  Fairhaven,  and  Cape  Vincent 
to  the  number  of  181,150,000.  The  eggs,  which  were  of  remarkably 
good  quality^  were  disposed  of  in  various  ways:  Some  lots  were 
sent  to  the  Michigan  Fisn  Conmiissi^n,  the  New  i  ork  Aquarium,  and 
Central  Station,  and  87,700.000  were  consigned  to  the  New  York  Con- 
servation Commission.  Tne  remainder,  approximately  90,000,000, 
were  retained  at  the  Cape  Vincent  hatcnery  and  yielded  73,605,000 
fry,  which  were  planted  in  suitable  local  waters. 

The  hatching  of  lake  trout  in  1920  was  on  about  the  same  scale  as 
in  1919.   During  the  spawning  season  in  Lake  Superior  the  employees 
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of  the  Duluth  station  collected  eggs  at  points  on  the  north  shore  of 
the  lake  and  at  Isle  Royale,  Mich.  A  few  eggs  of  the  early  run  were 
taken  between  September  23  and  October  ^^  but  the  largest  collec- 
tions were  secured  later.  The  season  closed  in  the  last  week  of  No- 
vember with  a  total  take  of  21,079,000  eggs.  The  results  were  disap- 
pointing, as  from  the  number  of  fish  on  fne  grounds  where  commer- 
cial fishing  is  conducted  along  the  north  shore  there  was  reason  to  be- 
lieve that  a  very  successful  season  from  a  fish-cultural  standpoint 
was  assured.  Because  of  the  destruction  of  nets  by  storms,  the  collec- 
tions exceeded  those  of  last  year  by  only  a  small  margin.  Conditions 
on  the  south  shore  were  even  more  unfavorable,  and  this  field  was 
abandoned  shortly  after  November  1. 

For  the  Michigan  stations  lake-trout  eggs  were  obtained  at  the  usual 

Soints  in  Lakes  Michigan  and  Huron.  A  large  body  of  fish  appeared 
uring  the  spawning  season,  but  the  fishermen  were  able  to  operate 
their  nets  only  at  irregular  intervals.  A  total  of  31,733,000  eggs  were 
secured,  most  of  which  were  of  an  average  quality,  though  at  certain 
points  where  only  inexperienced  help  was  available  the  quality  was 
inferior.  As  indicative  of  the  chan^ng  condition  of  the  lake  fish* 
eries,.it  is  interesting  to  note  that  while  for  a  lumber  of  seasons  past 
enough  lake-trout  eggs  were  not  obtainable  to  justify  the  expense  of 
operations  at  the  Amena  hatchery  on  Lake  Huron,  more  eggs  of  that 
species  were  taken  during  1920  in  the  vicinity  of  Alpena  than  at  any 
other  point  on  the  lakes.  If  this  situation  continues,  the  advisability 
of  resuming  regular  operations  at  this  point  may  be  worthy  of  con- 
sideration. Practically  all  of  the  lake-trout  eggs  collected  in  MicHi- 
gan  waters  in  recent  years  have  been  obtained  from  the  fisheries  in 
flie  vicinity  of  Charlevoix  and  Beaver  Island,  Lake  Michigan. 

As  in  otner  parts  of  the  Great  Lakes  region,  the  work  of  the  Cape 
Vincent  station  in  Lake  Ontario  suffered  from  stormy  weather.  Lake- 
trout  eggs  were  sought  at  Pigeon  and  Stony  Islands,  but  only  a  few 
days  were  suitable  for  fishing  during  the  time  the  fish  were  on  the 
spawning  beds.  While  the  run  did  not  appear  to  be  as  large  asiast 
season's,  the  total  number  of  eggs  taken  from  both  points — ^941,000 — 
was  more  than  200,000  in  excess  of  last  year's  collection. 

The  season's  pike-perch  operations  on  the  Great  Lakes  and  on  Lake 
Champlain  were  on  a  much  less  extensive  scale  than  in  1919.  The 
winter  of  1919-20  was  severe,  and  very  heavy  ice  formed  on  Lake 
Erie ;  nevertheless  by  the  end  of  March  the  lake  was  free  of  ice  and 
the  pike-perch  fishermen  were  able  to  set  their  nets  earlier  than  usual. 
During  the  first  days  of  the  season  the  take  of  fish  was  very  large,  and 
a  successful  season  in  pike-perch  hatching  was  anticipated.  There 
followed  a  period  of  cold  weather,  with  snow  and  heavy  winds,  that 
had  the  effect  of  destroying  many  nets  and  of  breaking  up  the  schools 
of  spawning  fish.  Operations  for  this  species  were  continued  longer 
than  usual  m  the  belief  that  a  change  in  the  weather  would  bring  a 
return  of  the  fish,  but  the  season  closed  on  May  10  with  a  total  colfec- 
tion  of  only  116^950,000  eggs.  With  the  exception  of  1,000,000  shipped 
to  Central  Station,  all  the  eggs  were  incubated  at  Put  in  Bay  and  the 
fry  liberated  in  Lake  Erie. 

The  success  attending  the  experiments  in  connection  with  the 
propagation  of  pike  perch  in  Saginaw  Bay  last  season  made  it  advis- 
able to  resume  the  work  this  year.   Some  difficulty  was  experienced  in 
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finding  a  suitable  location  for  the  establishment  of  a  battery  where 
a  water  supply  free  from  chlorine  was  available.  Such  a  place  was 
eventually  found  at  Bay  City,  and  a  battery  of  100  iars  was  installed. 
Last  season  the  sterilized  water  from  the  city  supply  proved  entirely 
unsuitable  for  fish-cultural  purposes,  and  practically  all  the  eggs 
retained  at  Bay  City  were  lost  from  this  cause.  In  the  spring  of 
1920  large  numbers  of  spawning  pike  perch  entered  Saginaw  Bay, 
but  because  of  certain  difficulties  in  transportation  the  express  com- 
pany at  Bay  City  on  several  occasions  placed  an  embargo  on  ship- 
ments of  fresh  fish.  As  suitable  storage  facilities  were  not  available, 
the  fishermen  were  forced  to  suspend  operations  during  the  time  the 
embargo  was  in  force.  Under  these  conditions  only  96,700,000  eggs 
were  obtained,  and  because  of  the  intermittent  operations  they  were 
not  of  the  best  quality.  Of  the  number  taken,  40,675,000  were  placed 
in  the  jars  at  Bay  City  for  incubation,  and  the  remainder  were  deliv- 
ered to  the  Detroit  hatchery  of  the  Michigan  Fish  Commission.  The 
excellent  facilities  for  pike-perch  work  in  Saginaw  Bay  would  seem 
to  justify  the  establisnment  of  a  permanent  station  equipped  to 
handle  the  large  numbers  of  eggs  that  seem  to  be  obtainable  under 
favorable  conditions.  There  is  a  strong  public  sentiment  in  favor  of 
such  an  establishment. 

In  continuance  of  the  arrangement  made  last  season  for  the  collect- 
ing of  pike-perch  eggs  in  Turtle  River  in  cooperation  with  the  Minne- 
sota Game  and  Fish  Department,  32,000,000  eg^s  were  obtained  as 
the  Bureau's  share  and  were  hatched  under  the  direction  of  the 
Duluth  station.  At  the  hatchery  on  Lake  Champlain  171,460^000 
pike-perch  eggs  were  secured,  as  against  246,360,000  in  1919.  The 
quality  of  both  eggs  and  fry  was  superior  in  1920,  as  a  result  of 
improved  facilities  and  methods.  Although  the  eggs  Vere  taken 
during  a  period  of  16  days  in  May,  within  48  hours  after  hatching 
began  the  incubation  of  all  eggs  on  hand  was  completed.  One-third 
of  the  eyed  eggs  were  delivered  to  the  Vermont  Department  of  Fish- 
eries and  Game  under  an  agreement  whereby  a  part  of  the  expense 
of  the  Swanton  hatchery  is  borne  by  the  State. 

In  order  to  meet  a  demand  and  also  to  take  advantage  of  oppor- 
tunities for  increasing  the  supply  of  food  fishes,  the  Bureau  has 
continued  to  hatch  yellow  perch  at  Put  in  Bay,  Cape  Vincent,  and 
Swanton,  the  last-named  station  havihg  the  largest  output.  At 
that  place  30,000,000  eggs  were  collected,  and  27,800,000  fry  were 
hatched  therefrom.  After  a  suitable  number  of  fry  had  been  re- 
turned to  local  waters,  the  remainder  were  distributed  to  applicants 
in  New  York  and  New  England. 

The  value  of  the  Bureau's  fish-cultural  work  addressed  to  the  com- 
mercial species  of  the  Great  Lakes  is  very  generally  recognized,  and 
that  it  should  be  extended  as  fully  as  possible  is  the  opinion  of  all 
persons  having  an  interest  in  the  important  industry.  The  Bureau 
is  constantly  being  urged  to  undertake  the  further  expansion  of  its 
activiti^  but  is  prevented  from  doing  so  by  lack  of  the  necessary 
funds.  There  are  points  in  various  sections  ot  the  Great  Lakes  region 
where  profitable  collecting  stations  may  be  developed  that  will  pro- 
duce many  millions  of  ripe  eggs  that  at  present  are  a  total  loss  be- 
cause they  are  sent  to  market  m  the  fish.  There  is  little  reason  to 
doubt  that  the  annual  output  of  whitefish,  cisco,  lake  trout,  pike 
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perch,  and  yellow  perch  can  be  very  materially  increased  in  all  the 
Great  Lakes  if  sufficient  funds  for  the  establishment  and  operation 
of  new  field  stations  can  be  obtained. 

CULTIVATION  OF  FISHES  OF  MINOR  INTERIOR  WATERS. 

The  active  and  increasing  demand  for  fishes  for  lakes,  ponds,  and 
interior  streams  has  in  general  been  met  by  the  various  stations  de- 
voted to  the  trouts,  landlocked  salmon,  bosses,  crappies,  sunfishes, 
etc.  As  a  rule,  the  applications  for  such  fishes  can  be  promptly  filled, 
but  the  production  ox  smallmouth  black  bass  has  never  been  equal  to 
the  demand,  and  the  regular  output  of  brook  trout  has  had  to  be  sup- 
plemented by  the  purchase  of  large  numbers  of  eggs  from  private 
nsh-culturists. 

The  stations  in  the  Eocky  Mountain  region  in  Montana,  Wyo- 
ming, Utah,  Colorado,  and  South  Dakota  have  handled  the  native 
trouts  and  two  introduced  trouts,  together  with  grayling,  and  the 
season's  output  was  of  average  volume. 

In  the  Montana  field,  with  the  Bozeman  station  as  headquarters 
and  with  hatcheries  in  Yellowstone  National  Park  and  Glacier  Na- 
tional Park  as  auxiliaries,  the  varied  operations  have  been  success- 
ful. The  collections  of  rainbow-trout  eggs  in  Madison  Valley,  aggre- 
gating 3,812,000,  were  only  a  little  below  the  record  take  of  the  pre* 
vious  year,  and  grayling  eggs  to  the  number  of  700,000  were  obtained 
in  the  same  field. 

At  the  hatchery  on  Yellowstone  Lake,  in  Yellowstone  National 
Park,  some  of  the  eggs  of  the  blackspotted  trout  taken  from  wild  fish 
are  incubated  and  the  resulting  young  are  deposited  in  park  waters, 
while  limited  consignments  ot  eyed  eggs  are  made  to  the  Bozeman 
hatchery  and  to  the  fish  commissions  of  the  States  of  Montana. 
Wyoming,  Idaho,  Oregon,  and  Washington.  During  the  season  or 
1920,  which  involves  the  end  of  the  fiscal  year  1920  and  the  beginning 
of  the  fiscal  year  1921,  about  6,600,000  eggs  were  taken.  In  the  sum- 
mer of  1919  the  Commissioner  made  a  personal  inspection  of  the 
fish-cultural  work  in  the  park,  and  made  arrangements  for  extend- 
ing and  augmenting  the  natching  operations  in  view  of  the  very 
heavy  drain  on  the  fish  life  occasioned  by  the  greatly  increasea 
number  of  anglers  now  resArting  to  the  park.  The  superintendent 
of  the  park  has  extended  every  facility  for  making  the  hatchery 
effective  and  for  enabling  the  Bureau  to  maintain  and  improve  the 
supply  of  fish  in  the  park  waters. 

The  auxiliary  hatcnery  in  Glacier  National  Park,  constructed  for 
the  National  Park  Service,  but  operated  by  the  Bureau  of  Fish- 
eries, has  already  justified  its  estaolishment.  Encouraging  reports 
are  being  received  as  to  the  results  of  this  pioneer  work,  and  it  is 
believed  that  in  a  short  time  noteworthy  collections  of  eggs  may  be 
obtainable  from  waters  entirely  devoid  of  fish  life  previous^to  the 
Bureau's  entry  into  this  field.  The  fiscal  year's  hatching  operations 
in  the  park  extended  from  July  1  to  September  30,  1919,  and  from 
April  29  to  June  30,  1920.  The  eggs  handled  consisted  of  300,000 
brook  trout  from  the  Leadville  station,  310,000  rainbow  trout  from 
the  field  station  in  Madison  Valley,  600,000  grayling  obtained  through 
the  courtesy  of  the  Montana  Fish  and  Game  Commission,  and  200,000 
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blackspotted  trout  from  Yellowstone  National  Park.  From  these 
eggs  1^69,000  fry  and  fingerlings  were  hatched  and  planted  in  se- 
lected waters  in  (xlacier  Park. 

Until  funds  become  available  for  the  development  of  a  number 
of  promising  outlying  fields,  the  output  of  the  Sarato^  station 
in  Wyoming  must  be  somewhat  limited.  Brood  fish  on  hand  pro- 
duced during  the  last  fiscal  jear  96,000  eggs  of  brook  trout  and  297,000 
eggs  of  rainbow  trout^  while  collections  from  wild  fish,  made  under 
(fifficult  conditions,  yielded  31,000  eggs  of  brook  trout  and  408,760 
^gs  of  rainbow  trout.  The  hatcherv  supply  was  augmented  by 
430,000  eggs  of  blackspotted  trout  and  406,000  eggs  of  brook  trout 
from  other  stations. 

At  the  SpringviUe  (Utah)  hatcherv  the  brook  rainbow  and  black- 
spotted  trout  have  remained  in  excellent  condition,  but  the  eastern 
brook  trout  have  deteriorated.  Fish  Lake  continues  to  be  the  most 
prolific  source  of  eggs.  The  lake  is  operated  jointly  by  the  Bureau 
and  the  State  game  and  fish  department,  and  the  Bureau's  share  of 
the  collections  m  1920  was  1,035,000  brook-trout  eggs  and  1,330,000 
rainbow-trout  eggs.  Special  attention  is  being  given  to  the  main- 
tenance of  the  &n  supply  in  Fish  Lake,  as  its  value  as  a  source  of 
e^s  is  recognized. 

The  work  of  the  Leadville  hatchery  and  its  field  stations  in  Colo- 
rado was  quite  successful,  especially  as  regards  the  ]^ropitgation  of 
eastern  brook  trout,  of  which  5,909,900  eggs  were  obtained  by  parties 
stationed  on  eight  lakes.  In  an  attempt  to  develop  a  new  fiela  station 
for  collecting  eggs  of  rainbow  and  blackspotted  trouts  at  Antero 
Keservoir,  two  apprentice  fish-culturists  detailed  to  make  investiga- 
tions and  locate  spawning  grounds  were  mysteriously  drowned. 

Owing  to  lack  of  suitable  nelp  and  to  the  abnormally  large  expense 
that  would  have  been  required,  no  attempt  was  made  at  the  Spear- 
fish  (S.  Dak.)  station  to  obtain  eggs  from  wild  fish  as  hereto- 
fore. Brood  stock  held  at  the  hatchery  produced  107,000  eggs  of 
eastern  brook  trout  and  130,000  eggs  oi  rainbow  trout,  which  were 
supplemented  by  947,000  eggs  of  brook  trout  purchased  from  dealers 
and  by  the  trartrfer  from  other  fields  of  419,000  eggs  of  blackspot- 
ted trout  and  25,000  eggs  of  lake  trout.  The  water  supply  at  this 
station  has  long  been  unsatisfactory  and  at  times  precarious.  During 
the  protractecT  winter  of  1919-20,  the  flow  of  water  was  at  one 
time  reduced  to  22  gallons  per  minute  for  all  hatchery  purposes,  and 
three  12- foot  troughs  each  containing  from  25,000  to  4^,000  eyed  trout 
eggs  were  given  only  2^  gallons  per  minute,  which  amount  was  not 
increased  and  the  numbers  of  eggs  and  fry  were  not  reduced  until 
the  feeding  stage  was  reached.  By  an  agreement  recently  made 
with  the  municipal  authorities  of  Spearfish,  the  Bureau  is  to  have  the 
use  of  the  overflow  from  the  newly  constructed  city  reservoir.  By 
means  of  a  separate  pipe  line,  water  of  desirable  quality  will  become 
available  without  cost,  and  for  the  first  time  the  hatchery  and  ponds 
will  have  an  adequate  supply  for  present  and  prospective  needs. 

In  the  New  England  trout  hatcheries  there  was  a  serious  epidemic, 
which  greatly  curtailed  the  production  of  brook  trout.  At  the  Berk- 
shire hatchery  the  malady,  Known  as  the  "  white-spot "  disease,  was 
particularly  severe  and  reduced  the  output  to  insignificant  propor- 
tions.   Even  under  favorable  conditions  the  yield  of  brook  trout  at 
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the  Bureau's  hatcheries  is  unequal,  to  the  demand,  and  resect  must 
be  had  to  private  hatcheries  for  some  millions  of  eyed  eggs  that  are 
required  each  season.  The  price  paid  for  these  eggs  has  risen  from 
30  to  40  cents  per  thousand  in  1912  to  75  and  80  cents  per  thousand 
in  1920,  with  every  indication  that  it  will  advance  still  further.  This 
supply  is  uncertain  and  frequently  of  inferior  quality,  owing  to  the 
fact  that  many  commercial  trout  breeders  engage  in  the  work  with 
the  main  object  of  supplying  fish  for  the  market,  the  production  of 
eggs  being  incidental,  in  these  establishments  the  fish  are  put  on 
the  market  after  their  first  spawning,  and  it  is  well  known  that  eggs 
taken  from  young  fish  are  never  equal  in  quality  to  those  obtained 
from  3  to  5  year  olds.  From  every  standpoint  it  is  highly  de- 
sirable that  the  Bureau  should  have  a  source  from  which  brook- 
trout  eggs  in  sufficient  numbers  may  be  obtained  to  meet  all  reouire- 
ments  and  relieve  it  of  dependence  on  the  high  prices  and  interior 
stock  of  the  commercial  dealers.  After  a  consideration  of  this  sub- 
iect,  York  Pond,  in  the  White  Mountain  National  Forest  Reserve, 
N.  H.,  was  selected  as  a  site  for  the  development  of  a  source  of 
supply  for  brook-trout  eggs.  A  camp  was  established  and  prelim- 
inary work  on  the  project  undertaken  during  June,  1920,  and  allot- 
ments of  fingerling  trout  were  planted  in  the  pond  dijrin^  that 
month.  With  the  cooperation  or  the  State  of  New  Hampshire  by 
the  enactment  of  legislation  giving  the  Bureau  control  of  the  pond, 
which  is  approximately  19  acres  m  area,  and  of  the  Forest  Service 
in  maintaining  roads,  it  is  expected  that  the  full  development  of 
this  body  of  water  will  enable  the  Bureau  to  produce  large  numbers 
of  brook-trout  eggs  of  a  high  quality  and  at  reasonable  cost. 

Landlocked-salmon  propagation,  conducted  principally  from  the 
station  at  Green  Lake,  Me.,  and  its  subsidiary  at  Gfrand  Lake 
Stream,  was  rather  more  successful  than  in  the  previous  year.  The 
output  was  1,641,905  eggs,  fry,  and  fingerlings.  Green  Lake,  one 
of  the  sources  of  eggs,  was  at  an  unusually  low  level,  and  the  fish 
were  unable  to  ascend  the  tributary  streams  for  spawning.  The  eggs 
secured  at  this  point  were  from  fish  caught  in  pound  nets  in  the 
lake.  Of  the  eggs  distributed  417,105  went  to  the  State  of  Maine,  in 
fulfillment  of  the  agreement  by  which  the  eggs  taken  by  the  Bureau 
on  the  Fish  Eiver  Lakes  are  to  be  eyed  at  uie  Caribou  State  hatch- 
ery, and  one-half  the  net  collections  become  the  property  of  the  State. 
The  work  in  this  field  suflPered  from  lack  of  competent  employees. 

The  group  of  stations  at  which  both  salmonoid  and  pond  fishes  are 
handled  includes  those  at  Wythe ville  (Va.),  White  Sulphur  Springs 
(W.  Va.),  Erwin  (Tenn.),  Neosho  (Mo.),  and  Manchester  (Iowa), 
where  the  output  is  derivable  almost  entirely  from  brood  fish  main- 
tained from  year  to  year  in  artificial  ponds.  The  aggregate  produc- 
tion of  these  stations  in  1920  was,  in  round  numbers,  3,225,000  brook 
and  rainbow  trout  and  240,000  bass,  while  there  remained  on  hand 
at  the  close  of  the  year  234,000  fingerlings  available  for  distribution 
and  for  increasing  the  breeding  stock.  While  a  number  of  untoward 
conditions  have  tended  to  curtail  the  yield  of  these  stations,  consid- 
erable progress  has  been  made  in  improving  their  physical  condition 
and  in  securing  a  better  quality  of  brood  fish.  The  output  of  both 
brook  and  rainbow  trout  at  White  Sulphur  Springs  was  the  largest 
in  the  history  of  the  station ;  the  Manchester  station  largely  increased 
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its  production  of  rainbow-trout  eggs;  and  by  improved  methods  of 
handling  the  fertility  of  rainbow-trout  eggs  at  the  Neosho  station 
increased  40  per  cent. 

The  1920  output  of  smallmouth  black  bass  was  slightly  less  than 
in  1919.  At  nearly  every  station  where  this  species  is  propagated 
the  same  adverse  weather  conditions  prevailed,  resulting  in  a  retarded 
spawning,  the  loss  of  many  of  the  eggs  in  the  first  spawning,  the 
abandonment  of  nests  by  the  parent  nsn,  and  the  killi^  of  eggs  in 
later  layings  by  sudden  fluctuations  in  temperature.  The  only  sta- 
tion at  which  an  increased  production  of  smallmouth  black  bass 
occurred  is  Louisville,  which  distributed  over  100,000  fry  and  finger- 
lings,  and  had  its  most  successful  season. 

The  propagation  of  largemouth  black  bass  was  adversely  influ- 
enced bv  the  same  conditions  that  affected  the  smallmouth  species, 
&lthoug&  the  aggregate  output  was  larger  than  in  the  previous  year. 
Both  tiie  Orangeburg  (S.  C.)  and  the  San  Marcos  (Tex.)  stations 
had  an  cspeciaUy  successful  season,  and  the  latter  had  the  best  year 
in  its  history.  From  Orangeburg  the  production  of  largemouth 
bass  was  241,765,  notwithstanding  a  considerable  loss  of  fingerlings 
from  cannibalism,  owing  to  the  inability  to  secure  capable  assistance 
in  promptly  remo^dng  the  young  fish  from  the  ponds  containing 
adults.  As  an  innovation  in  the  distribution  of  pond  fishes,  5,400 
sunfish  were  held  through  the  winter  at  Orangeburg  without  undue 
loss,  made  an  excellent  growth,  and  were  planted  in  spring.  In  re- 
sponse to  the  large  demand  for  sunfish  in  the  Southern  States,  an 
effort  is  being  made  to  increase  the  output  of  this  species  as  fast  as 
possible.  The  bluegill — ^the  largest,  and  in  many  localities  and  in 
many  respects  the  most  desirable  of  the  sunfishes — is  being  substi- 
tuted as  brood  stock  for  the  other  and  smaller  species. 

In  Texas  there  has  been  a  call  for  pond  fishes  in  excess  of  the 
production  of  the  one  station  operated  in  the  State.  To  meet  this 
demand,  plans  were  made  to  increase  the  production  of  fish  of  the 
species  most  called  for.  With  this  in  view,  the  lease  of  a  parcel  of 
land,  desirable  for  pond,  construction  and  conveniently  located  for 
the  distribution  of  the  output,  was  secured  from  the  city  of  New 
Braonfels.  The  lease  included  a  supply  of  water  from  the  city 
reservoir.  About  two  years  ago,  following  a  period  during  whicn 
the  San  Marcos  station  was  closed,  the  Texas  Legislature  enacted  a 
law  giving  suitable  protection  to  bass,  crappie,  and  other  food  and 
game  fishes  during  their  spawning  period.  The  absence  of  such  a 
law  in  the  State  was  the  important  consideration  in  connection  with 
the  closing  of  the  station.^  By  a  ruling  of  the  attorney  general  of  the 
State  this  law  was  practically  annulled  during  1920,  and  the  fishes 
propa^ted  by  the  bureau  are  again  left  without  adequate  protection 
at  a  tmie  when  such  protection  is  most  urgently  needed,  viz,  their 
period  of  mating,  nestmg,  egg  laying^  and  guarding  the  young.  Any 
effort  to  increase  the  output  of  artincially  reared  fishes  under  these 
circumstances  seems  ill  aavised. 

The  value  and  importance  of  vegetation  in  pond  culture  have  long 
been  recognized,  and  much  time  and  effort  have  been  devoted  to  the 
production  of  luxuriant  growths  of  aquatic  plants  in  fish  ponds.  The 
intelligent  control  of  this  growth  is  also  of  importance,  and  this  can 
not  be  successfully  accomplished  without  more  exact  Jmowledge  of 
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the  natural  food  of  youn^  bass  and  other  warm- water  species.  It  is 
of  the  utmost  importance  in  connection  wi^th  the  subject  to  know  what 
plants  enter  directly  into  the  dietary  of  the  fish  or  contribute  indi- 
rectly to  the  support  of  the  smaller  animal  forms  that  furnish  food 
for  fish.  In  order  that  information  might  be  gained  on  this  subject, 
which  appears  to  have  been  generally  neglected  by  fish-culturists,  a 
special  assistant  was  employed  to  make  a  study  ox  the  conditions  as 
they  existed  at  the  Neosho  station  during  the  winter  of  1919-20. 
More  extensive  work  along  similar  lines  has  been  done  by  the  same 
specialist  under  the  supervision  of  the  division  of  scientific  inquiry, 
and  much  information  of  value  and  interest  to  fish  culture  has  been 
gathered.  When  this  is  assembled  and  made  available  for  practical 
application  to  the  work  of  the  stations,  there  is  reason  to  beheve  that 
beneficial  results  will  follow.  The  natural  food  siipply  for  pond 
fishes  is  of  particular  importance,  since  it  is  very  diflacult  to  induce 
these  fish  to  accept  the  various  artificial  foods  that  are  taken  readily 
by  the  trouts  and  salmons. 

The  Bureau  has  continued  its  experiments  looking  to  the  develop- 
ment of  a  satisfactorj'  food  for  young  salmonoid  fish  at  a  reasonable 
cost  for  replacing  the  meat  products  in  general  use,  the  price  of  which 
has  advanced  in  proportion  with  all  other  commodities.  Perhaps 
the  most  notable  results  have  been  from  the  use  of  salmon  eggs  as 
food  for  young  salmon.  These  are  the  immature  eggs  taken  from 
salmon  secured  in  commercial  fishing  operations,  and  are  held  in  cold 
storage  until  needed.  Canned  seal  liver,  a  by-product  of  the  fur-seal 
islands,  gave  satisfactory  results  at  a  western  station,  the  test  indi- 
cating that  it  compares  favorably  with  pork  liver.  A  product  sold 
under  the  name  of  "  dried  flies,"  the  exact  nature  of  wnich  has  not 
been  learned,  was  obtained  from  a  New  York  importing  firm  and 
tried  as  a  food  for  trout  at  a  number  of  stations,  with  unsatisfactory 
results  in  every  instance.  Fishotein,  a  slaughterhouse  preparation, 
and  clam  meal  have  been  used  with  some  success,  but  neither  of  these 
products  appears  suitable  unless  employed  in  conjunction  with  meat. 
The  results  of  all  experiments  thus  far  made,  with  the  exception  of 
frozen  salmon  eggs,  leave  beef  heart  and  beef  liver  at  the  top  of  the 
list  as  the  most  desirable  foods  for  young  salmonoid  fish.  Not  only 
do  they  produce  a  more  rapid  growth,  but  the  mortality  is  much  less. 
Of  these  two  foods  the  liver  seems  more  desirable  for  the  early  feed- 
ing stages,  while  the  heart  is  better  for  the  more  advanced  fingerling 
sizes. 

PROPAGATION  OF  BIVHR  FISHES  OF  THE  ATI^ANTIO  SEABOARD. 

Fishes  of  the  Atlantic  coast  streams  which  receive  attention  at  the 
Bureau's  hatcheries  are  the  salmon,  the  shad,  the  yellow  perch,  and 
the  striped  bass. 

For  a  long  period  of  years  the  Bureau  has  been  conducting,  at  its 
hatchery  at  Cfraig  Brook,  Me.,  operations  addressed  to  the  Atlantic 
salmon.  The  scene  of  this  work  is  the  Penobscot  River,  which  is  the 
only  New  England  stream  that  now  has  a  run  of  salmon,  and  even 
the  Penobscot  maintains  its  salmon  in  the  face  of  serious  physical 
and  other  handicaps.  It  seems  to  be  well  established  that  the  per- 
petuation of  the  salmon  fishery  in  Maine  depends  largely,  if  not 
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chiefly,  on  artificial  propagation.  The  work,  however,  meets  with 
scant  local  support,  and  the  fishermen,  who  are  the  principal  bene- 
ficiaries, show  little  disposition  to  cooperate.  They  have  demanded 
full  market  price  for  the  brood  salmon  collected  by  the  Bureau  and 
held  for  the  ripening  of  their  eggs,  and,  in  addition,  they  have  asked 
for  a  bonus  for  delivering  the  fish  in  good  condition.  The  cost  of 
the  brood  salmon  some  seasons  has  ranged  from  $6  to  $7  apiece,  and 
other  features  of  the  work  have  also  been  expensive.  The  fishermen 
have  of  late  shown  a  tendency  to  ask  higher  and  higher  prices  for 
fish  and  a  larger  premium  for  careful  handling.  A. proper  spirit  of 
cooperation  would  seem  to  impel  the  fishermen,  in  their  own  interests, 
to  supply  brood  salmon  to  the  hatchery  at  a  nominal  price  and  to 
waive  the  charge  they  have  been  making  for  proper  handling.  The 
wisdom  of  continuing  this  work  under  existing  conditions  is  ques- 
tionable. 

From  the  Atlantic  salmon  obtained  during  the  last  fiscal  year  there 
remained  on  hand  at  the  spawning  time  in  October  227  fish,  which 
yielded  797,610  eggs.  This  number  was  supplemented  by  1,000,000 
eggs  obtained  from  the  fishery  authorities  of  Canada  in  exchange 
for  trout  eggs. .  Both  of  these  lots  of  eggs  were  incubated  with  normal 
loss,  and  the  resulting  young,  to  the  nupaber  of  1,550,000,  were 
planted  in  the  Penobscot  and  other  important  streams  of  Maine. 

Shad  hatching  has  been  conducted  as  usual  at  the  stations  on  the 
Potomac  Kiver  and  Albemarle  Sound.  At  both  points  the  work  was 
prosecuted  under  very  trying  weather  conditions.  The  spawning 
season  at  Brvans  Point  began  April  18  and  continued  until  may  18, 
during  which  42,570,000  eggs  were  obtained  from  the  fishermen,  and 
38,161,000  fry  of  excellent  quality  were  hatched  and  planted.  The 
run  of  shad  into  Chesapeake  Bay  m  the  spring  of  1920  was  said  to  be 
the  largest  in  a  number  of  years,  and  specially  good  catches  were 
made  on  both  sides  of  the  lower  bay,  but  the  number  of  fish  reaching 
the  spawning  grounds  was  limited. 

At  the  Edenton  station  the  first  spawning  fish  were  found  on 
April  1,  and  the  season  ended  on  May  12  with  a  collection  of  21,667,- 
000  eggs.  The  incubation  period  was  marked  by  sudden  and  ex- 
treme fluctuations  in  air  and  water  temperatures,  and  rather  heavy 
losses  of  eg^  and  fry  resulted.  The  output  of  young  shad  was 
16,286,000.  The  shad  catch  in  the  section  of  Albemarle  Sound  ac- 
cessible to  the  hatchery  was  the  smallest  for  many  years,  the  effects 
of  the  light  run  being  augmented  by  inclement  weather,  embargo  on 
express  shipments,  and  low  prices,  which  caused  many  of  the  fisher- 
men to  withdraw  their  nets  early  in  the  season.  The  lullest  coopera- 
tion was  accorded  by  the  fishermen  to  the  hatchery,  and  mainly  to 
this  fact  must  be  attributed  the  degree  of  success  that  was  attained 
under  most  discouraging  circumstances. 

At  the  striped-bass  hatchery,  operated  on  the  Roanoke  River  in 
North  Carolina  as  an  auxiliary  of  the  Edenton  station,  the  1920 
season  was  successful.  Between  May  1  and  15,  fish  caught  for  market 
by  the  commercial  fishermen  yielded  19,358,000  eggs,  which  produced 
16,474,000  fry,  all  of  which  were  planted  in  local  waters. 

The  Bryans  Point  hatchery  has  continued  to  render  efficient  serv- 
ice in  keeping  up  the  supply  of  yellow  perch  in  the  Potomac  River. 
From  March  15  to  24,  aurihg  which  very  wintry  weather  at  times 
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prevailed  and  ice  formed  about  the  nets,  brood  fish  to  the  number 
of  13,411  were  obtained  from  the  fishermen.  Spawning  occurred 
from  March  25  to  April  5,  after  which  the  12,811  adult  fish  on  hand 
were  released.  The  eggs  deposited  naturally  by  the  fish  while  being 
held  in  live  cars  numbered  129,544,000.  About  2,500,000  eggs  were 
sent  to  another  station;  the  remainder  produced  119,240,100  fry  that 
were  deposited  on  the  local  spawning  grounds. 

The  recently  established  field  hatchery  on  the  Atchaf  alaya  River  in 
Louisiana  was  operated  for  buffalofish  in  the  spring  of  1920,  and  had 
its  most  succe^nil  season.  The  hatchery  had  been  enlarged  in  antici- 
pation of  an  increased  take  of  e^gs,  and  additional  hatching^  jars  to 
the  number  of  260  were  installed,  making  440  jars  in  all.  The  first 
eggs  were  secured  on  February  23  and  the  last  pn  April  4.  The  col- 
lections from  the  fishermen's  nets  aggregated  236,420,000  e^gs^  or 
more  than  100,000,000  in  excess  of  the  previous  year's  procmction. 
The  plants  numbered  174,585,000. 

MARINE  FISH  HATCHING. 

Four  species  of  marine  food  fishes  are  hatched  at  the  Bureau's 
three  seaside  stations  in  Maine  and  Massachusetts,  namely,  the  winter 
flounder,  the  cod,  the  haddock,  and  the  pollock.  The  extreme  severity 
of  the  winter  interfered  with  all  branches  of  the  work  and  reduced 
the  egg  collections  by  about  800,000,000. 

The  winter  flounder,  which  now  supports  extensive  diore  fisheries 
that  annually  contribute  many  million  pounds  of  excellent  food  to 
the  markets  of  the  New  England  and  Middle  Atlantic  States,  is 
handled  at  the  three  hatcheries  and  is  the  species  produced  in  largest 
numbers.  At  the  Boothbay  Harbor  station  792,853,000  eggs  were 
secured  and  incubated  without  undue  loss,  the  fry  being  deposited  in 
the  local  bays.  At  the  Gloucester  hatchery  155,810,000  e^gs  were  ob- 
tained. The  season's  output  for  the  Woods  Hole  station  was  the 
smallest  for  five  years,  owing  to  weather  conditions.  In  the  Waquoit 
field  611,570,000  eggs  were  obtained  under  great  difficulty,  and 
16,616,000  eggs  came  from  Hadley  Harbor  and  Quisset  Harbor. 
Later  operations  in  Narragansett  Bay  yielded  238,318,000  eggs.  The 
aggregate  collections  for  the  Woods  Hole  station  in  all  fields  were 
866,504,000  eggs  of  fair  quality.  With  the  exception  of  35,000,000 
eyed  eggs  and  fry  consigned  to  Jamaica  Bajr,  N.  i .,  the  local  waters 
received  the  plants  *of  fry.  The  total  deposits  of  flounder  fry  from 
the  three  hatcheries  were  1,603,080,000. 

Cod  eggs  for  hatching  Durposes,  obtained  from  the  fishermen's 
catches  in  the  case  of  the  Gloucester  station  and  fi^m  brood  fish  in 
the  case  of  the  Woods  Hole  station,  numbered  570,740,000  and  223,- 
465,000,  respectively,  the  latter  number  being  produced  by  2,825 
adult  fish  held  in  the  cistern  under  the  hatchery.  The  boats  of  the 
Gloucester  haddock  fishermen,  visited  by  spawn  takers  from  the  local 
hatchery,  yielded  303,800^000  eggs  during  the  period  from  January 
14  to  April  30.  In  a  similar  way,  during  November,  December,  and 
January,  954,800/KX)  pollock  eggs  were  gathered  from  fish  on  their 
way  to  market.  The  quality  of  tne  eggs  was  poor  and  a  rather  heavy 
mortality  occurred  in  hatching;  557,685,000  try  were  planted. 

The  Bureau  has  taken  up  in  a  tentative  way  the  matter  of  salvag- 
ing the  enormous  numbers  of  ripe  eggs  of  cod,  haddock,  and  other 
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ODund  fish  that  are  annually  wasted  in  the  New  England  fisheries. 
The  experiment,  first  tried  in  1919^  of  placing  spawn  takers  on  fish- 
ing vessels  for  the  purpose  of  taking,  fertilizing,  and  planting  the 
€ggs  contained  in  nsh  caucht  for  market,  was  continued  in  1920. 
Five  spawn  takers  between  February  26  and  April  26  made  14  trips, 
8  on  otter-trawl  vessels  and  6  on  trawl-line  vessels,  and  afforded  fur- 
ther information  as  to  the  feasibility  of  attempting  this  work  on  a 
suflSciently  lar^e  scale  to  make  it  worth  while.  Upward  of  220,- 
000,000  eggs,  about  equally  divided  between  cod  and  haddock,  were 
thus  obtained  and  deposited  in  the  natural  spawning  grounds,  imder 
conditions  that  closely  simulate  nature.  The  experience  gained  in 
the  two  seasons'  trials  indicates  that  it  is  entirely  practicable  to  con- 
duct these  operations  on  a  gigantic  scale  at  a  comparatively  low  cost, 
and  it  is  the  belief  of  the  Bureau  that  it  may  be  desirable  to  initiate 
the  work  in  cooperation  with  the  owners,  masters,  and  crews  of  fish- 
ing vessels.  The  saving  of  a  few  hundred  millions  of  eggs  might  not 
mean  a  great  deal  in  view  of  the  magnitude  of  the  fisheries  and  the 
extent  of  natural  spawning,  but  the  annual  saving  of  some  thousands 
of  millions  of  eggs  might  be  expected  to  produce  an  appreciable 
effect  on  the  supply  of  marketable  fishes. 

RESCTTE  OF  STRANDED  FOOD  FISHES. 

No  feature  of  the  Bureau's  work  in  fish  conservation  has  had  a 
more  rapid  development  in  recent  years  than  the  rescue  of  fishes 
from  the  overflowed  lands  along  the  Mississippi  Eiver.  The  fishes 
that  are  salvaged  comprise  practically  every  useful  species  of  the 
region.  The  importance  of  and  necessity  for  the  work  arise  from 
the  fact  that  when  the  floods  come  many  of  the  fishes  are  in  spawning 
condition  and  deposit  their  eggs  far  from  the  river.  On  the  recession 
of  the  flood  waters  the  resulting  young  are  left  behind  and  eventually 
become  permanently  landlockea.  Under  such  conditions  the  fish 
inevitably  perish  as  the  cut-off  ponds  and  sloughs  gradually  become 
dry  during  summer  or  are  quickly  frozen  on  the  advent  of  winter. 
The  toll  of  valuable  food  fishes  that  is  thus  taken  is  enormous,  and  the 
opportunity  to  prevent  a  part  of  the  annual  waste  and  add  to  the 
food  supply  is  most  appealing. 

The  simplicity  of  the  operations,  the  low  cost,  and  the  certain 
results  of  great  magnitude  are  the  outstanding  features.  In  1920,  as 
heretofore,  headquarters  were  established  at  favorable  points  in  the 
Mississippi  Valley,  from  which  seining  crews  visited  the  landlocked 
waters,  removed  the  fish,  and  planted  them  in  the  open  waters  of 
the  river.  The  principal  centers  of  the  work  were  Homer  and 
La  Crosse,  Wis. ;  Bellevue  and  North  McGregor,  Iowa ;  Quincj  and 
Cairo,  111. ;  Clarksville  and  Canton,  Mo. ;  and  Friars  Point,  Miss. 

During  the  year  ending  June  30,  1920.  but  principally  in  the 
summer  and  early  autumn  of  the  calendar  year  1919,  the  aggregate 
number  of  fish  salvaged  was  156,659,600.  This  output  exceeded  by 
about  100,000,000,  the  record  that  was  established  in  the  previous 
fiscal  year. 

From  Homer,  Minn.,  the  work  began  on  August  1  and  continued 
tmtil  cold  weather  and  ice  made  further  operations  impracticable. 
From  this  point  five  seining  crews  were  employed  throughout  the 
season,  collecting  37,073,812  miscellaneous  fishes,  of  which  37,007,590 
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were  returned  to  the  river.  The  season  at  La  Crosse  extended  from 
August  13  to  November  8.  This  field  inchides  the  territory  extending 
from  Dresbach,  Minn.,  to  McDonald  Dam,  below  Lynxville,  Wis., 
and  seining  crews  wprked  from  La  Crosse,  Genoa,  Ferryville,  and 
Lynxville,  wis.  The  territory  about  Lynxville  is  one  of  the  most 
prolific  and  is  capable  of  much  greater  development  and  productivity 
whenever  funds  for  the  purpose  are  available. 

The  crews  with  headquarters  at  North  McGregor  were  engaged 
from  August  4  to  November  10,  operating  from  North  McGrregor 
and  Guttenberg.  The  collections  amounted  to  27,665,287  fish.  "Hiis 
field  is  also  capable  of  further  development,  a  promising  territory 
(existing  between  Clayton  and  Dubuque,  Iowa.  From  Guttenberg 
southward  no  rescue  operations  have  ever  been  attempted,  and  reports 
from  the  chief  game  and  fish  warden  of  the  State  of  Iowa  indicate 
that  this  field  contains  opportunities  for  rescue  work  not  excelled  at 
any  point  on  the  river. 

The  station  at  Bellevue,  Iowa,  produced  39,549,962  rescued  fishes 
during  the  season,  the  work  extending  from  August  11  to  November 
13.  Two  crews  were  employed,  one  operating  from  Bellevue,  and 
the  other  from  a  houseboat,  covering  the  territory  from  Dubuque  to 
within  7  miles  of  Bellevue.  Further  possibilities  for  rescue  work 
exist  in  this  vicinity.  From  Savanna,  111.,  and  points  farther  south 
seining  crews  could  be  profitably  employed. 

The  operations  on  tne  Ohio  River,  m  the  vicinity  of  Cairo,  111., 
reached  greater  proportions  than  in  any  previous  year.  The  number 
of  fish  taken  was  6,830,410,  of  which  crappie  and  catfish  predomi- 
nated. There  was  a  noticeable  decrease  in  the  number  of  black  bass 
this  season,  not  only  in  the  Cairo  field,  but  at  all  other  points,  the 
cause  being  attributed  to  the  low  stage  of  the  river  during  the  spawn- 
ing season  of  the  black  bass  in  May  and  early  June,  the  rise  not  oc- 
curring until  after  the  fish  had  spawned. 

There  was  a  satisfactory  increase  in  the  number  of  fish  taken  in  the 
rescue  work  in  the  vicinity  of  Friars  Point,  Miss.,  under  the  super- 
vision of  the  superintendent  of  the  Tupelo  station.  The  work  in  that 
section  began  July  16  and  continued  to  November  14,  during  which 
time  847,328  fish,  chiefly  buffalo  fish,  catfish,  and  sunfish,  were  taken 
by  the  seining  crews.  Of  these,  40,630  were  distributed  to  appli- 
cants, while  the  remainder  were  returned  to  their  native  waters. 

The  usual  operations  along  the  Illinois  River,  at  Meredosia,  111., 
were  conducted,  continuing  from  July  1  to  December  4,  and  resulted 
in  the  conservation  of  1,3^,427  fish.  Similar  work  tried  for  the  first 
time  at  Clarksville  and  Canton,  Ma,  and  other  points  of  minor  im- 
portance, under  the  supervision  of  the  director  of  the  Fairport 
(Iowa)  station,  produced  1,552,087  rescued  fishes. 

It  is  to  be  noted  that  the  average  cost  per  thousand  fish  rescued  in 
1920  was  less  than  20  cents ;  and  while  in  certain  fields  where  the  out- 
put was  not  large  the  cost  was  somewhat  higher,  more  than  75  per 
cent  of  the  fish  were  rescued  and  returned  to  their  native  waters  at  a 
cost  of  only  13  cents  per  thousand. 

A  small  percentage  of  basses,  catfishes,  and  other  species  rescued 
is  used  in  supplying  applicants,  most  of  whom  are  in  the  States  of  the 
Mississippi  Valley.  This  diverted  output  serves  a  very  useful  purpose 
but  is  not  so  great  as  to  constitute  a  depletion  of  the  Mississippi.    In 
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1920  the  rescued  fishes  that  were  not  restored  to  the  Mississippi  but 
were  sent  to  other  waters  numbered  983,784,  or  less  than  seven-tenths 
of  1  per  cent  of  the  entire  number  handled. 

This  public  service  in  immediate  aid  of  the  local  States  but  indi. 
rectly  of  value  to  the  entire  country  has  been  voluntarily  assumed  by 
the  Bureau  because  there  has  been  a  strong  local  demand  for  it  and 
because  of  the  conviction  that  it  is  vastly  more  important  and  pro- 
ductive of  direct  results  than  are  the  combined  operations  of  many 
fish-cultural  stations.  The  work  is  receiving  the  approbation  of  State 
fish  commissioners,  commercial  fishermen,  and  the  general  public. 
The  possibilities  or  greatly  eid^nding  its  scope  and  magnitude  are 
believed  to  be  almost  unlimited,  and  the  only  obstacle  that  presents 
itself  is  lack  of  funds.  In  the  estimates  of  appropriations  for  the 
Bureau  for  the  fiscal  year  1922,  there  is  provision  for  a  very  modest 
increase  in  the  general  funds  for  fish  culture  in  order  that  the  rescue 
work,  among  other  branches,  may  receive  fuller  consideration.  No 
money  appropriated  by  Congress  for  any  purpose  can  be  relied  on 
to  yield  more  certain  and  more  direct  economic  results. 

ACCUMATTZATION. 

Noteworthy  enrichment  of  the  aquatic  food  resources  of  various 
parts  of  the  country  has  resulted  from  the  acclimatization  of  desirable 
animals  from  other  sections.  Among' the  well-known  instances  of 
successful  acclimatization  are  the  transfer  of  the  Atlantic  shad  and 
striped  bass  to  the  Pacific  coast ;  the  Pacific  steelhead  salmon  to  the 
Great  Lakes  and  to  minor  lakes  in  New  England  and  elsewhere ;  the 
western  rainbow  trout,  the  eastern  brook  trout,  and  other  trouts  to 
numerous  States  in  which  they  were  not  indigenous. 

The  most  recent  success  of  this  kind  is  the  case  of  the  Pacific  hump- 
back or  pink  salmon  in  Maine*  Following  plants  of  young  salmon 
in  streams  in  the  eastern  part  of  the  State,  runs  of  adult  fish  appeared 
during  a  number  of  years.  The  fish  occurred  in  greatest  abundance 
in  the  early  autumn  of  1919,  when  there  were  large  runs  in  Dennys 
and  Pembroke  Eivers,  and  smaller  runs  in  Penobscot,  Machias,  St. 
Croix,  and  Magaguadavic  Rivers,  the  last-named  stream  being  in  New 
Brunswick.  Weirs  in  Passamaquoddy  and  Cobscook  Bays  took  con- 
siderable numbers  of  the  new  fish  which  were  disposed  of  locally  or 
shipped  to  Boston  and  New  York.  Accurate  information  regarding 
the  amount  of  the  cateh  was  difficult  to  obtain,  as  the  fishermen  were 
in  fear  of  the  local  law  which  prohibits  the  taking  of  salmon  at  the 
only  time  when  the  humpback  is  available,  this  law  having  been  en- 
acted with  sole  reference  to  the  Atlantic  salmon;  but  it  is  within 
bounds  to  state  that  several  thousand  adult  humpbacks  were  caught 
and  either  shipped  to  market  or  consumed  locally. 

The  most  interesting  feature  of  this  case  is  that  the  Bureau's  fish- 
culturists,  sent  to  Dennys  and  Pembroke  Rivers  during  the  period  of 
the  migration,  took  and  fertilized  499,300  humpback-salmon  eggs  that 
were  sent  to  the  Craig  Brook  hatehery. 

From  the  evidence  at  hand  there  seems  no  reason  to  doubt  that  the 
humpback  salmon  can  maintain  itself  in  certain  New  England  rivers 
and  will  prove  a  valuable  addition  to  the  local  fish  supply.  The  only 
condition  of  success  that  should  be  safeguarded  is  that  a  proper  pro- 
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portion  of  the  run  of  adult  fish  should  be  allowed  to  reach  the  stretches 
m  the  lower  parts  of  the  streams,  where  suitable  spawning  rounds 
exist.  The  matter  is  wholly  in  the  hands  of  the  State  authorities 
and  involves  the  maintenance  of  adequate  fishways  over  the  relatively 
low  dams  that  cross  almost  every  stream  of  importance. 

The  introduction  of  the  eastern  brook  trout  into  Colorado  and  other 
Western  States  has  been  a  conspicuous  success.  The  establishment 
of  brook  trout,  rainbow  trout,  lake  trout,  European  brown  trout^  and 
Loch  Leven  trout  in  selected  waters  of  the  Yellowstone  National 
Park  has  been  a  noteworthy  accomplishment,  and  similar  service  in 
the  Glacier  National  Park  is  now  in  progress. 

One  of  the  best,  most  adaptable,  and  most  widely  transplanted  of 
the  native  trouts  is  the  rainbow^  which  now  affords  excellent  fishing 
in  practically  every  State  having  waters  of  suitable  temperature. 
As  with  the  eastern  brook  trout  m  Colorado  and  elsewhere,  the  ac- 
climatized wild  rainbow  is  now  supporting  extensive  fish-cultural 
operations  in  various  States.  Field  stations  for  the  collection  of  rain- 
bow trout  eggs  in  Montana  and  Wyoming  have  proved  very  pro- 
ductive. Meadow  Creek,  a  tributary  of  the  Madison  River  in  Mon- 
tana, operated  as  an  adjunct  of  the  Bozeman  station,  has  yielded 
nearly  4,000,000  rainbow  trout  eggs  of  the  best  quality  duringeach 
of  the  last  two  seasons.  Sage  Creek,  a  tributary  of  the  North  Platte 
River  in  Wyoming,  has  afforded  the  Saratoga  station  excellent  oppor- 
tunities for  taking  large  numbers  of  eggs,  even  with  the  crude  equip- 
ment that  has  been  available;  and  the  superintendent  estimates  that 
with  proper  appliances  this  field  will  yield  10,000,000  eggs  annually. 

ARTIFICIAL  PROPAGATION  OF  FRESH- WATER  MUSSELS. 

The  usual  work  in  mussel  propagation  was  conducted  in  the  field  in 
suitable  sections,  as  heretotore,  under  the  general  direction  of  the 
fisheries  biological  station  at  Fairport,  Iowa.    A  total  of  183,021,720 

S!:lochidia  in  a  condition  of  parasitism  on  fishes  were  liberated  in  pub- 
ic waters  as  compared  with  136,907,865  liberated  last  year,  an  in- 
crease of  46,114,356. 

Infection  of  rescued  fishes  in  the  vicinity  of  Minneiska,  Minn.,  on 
the  Mississippi  River  and  at  various  points  as  far  south  as  Dakota^ 
Minn.,  was  accomplished  in  cooperation  with  the  rescue  work  of  one 
of  the  fish-cultural  crews  operating  under  the  direction  of  the  Homer, 
Minn.,  station.  The  number  of  fishes  rescued  in  connection  with  the 
propagation  of  mussels  was  907,995,  of  which  86,442  were  adults. 
Of  the  total  number  of  fishes  rescued,  22,567  were  infected  with 
glochidia  before  being  restored  to  the  rivers. 

Three  species  of  commercial  mussels  were  propagated,  the  leading 
one  being  LampaUis  luteola.  commonly  known  as  the  Lake  Pepin 
mucket.  "The  infected  fish  hosts  were  liberated  in  the  Mississippi 
River  off  Fairport,  Iowa;  in  Lake  Keokuk,  Iowa,  and  111.:  m 
the  Mississippi  Kiver  at  New  Boston  and  Oquawka,  111. ;  in  the  Mis- 
sissippi River  at  Lake  Pepin,  Minn,  and  Wis. ;  at  various  points  along 
the  Mississippi  River,  between  Minneiska  and  Dakota,  Minn.;  in 
Lake  Pokegania,  Minn.;  and  in  the  White  River  in  the  vicinity  of 
Newport,  Ark. 

Small  numbers  of  mussels  reared  at  the  Fairport  station  were 
planted  in  public  waters  at  the  following  places :  Lake  Keokuk,  Iowa 
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and  UL ;  Boanoke  Biver  at  Salem,  V a. ;  Shenandoah  Eiver  at  Elk- 
ton,  Va.  ;  and  Potomac  River  at  Harpers  Ferry,  W.  Va. 

The  cost  of  mussel  distribution  during  the  fiscal  year  1920  was 
considerably  less  than  in  the  previous  year,  being  at  the  rate  of 
$0.0562  per  thousand  as  compared  with  $0.0689  per  thousand  in  1919. 
The  decreased  cost  was  due  to  the  larger  output  of  glochidia,  notwith- 
standing the  fact  that  the  cost  of  labor,  equipment,  and  material  was 
greater  than  in  the  preceding  year.  This  computed  cost  of  mussel 
propagation  includes  overhead  charges  and  depreciation  of  build- 
mgs,  ^ats,  and  nets  calculated  at  $0.0198  per  thousand. 

FKesh-Wateb  Mussel  Pbopagation  in  1920,  Showing  Numbeb  of  Each  Species 
Planted  and  Points  of  Deposit. 


Lo(»Uty. 


Muoket. 


Lake  Pepin 
muoket. 


Pocket- 
book. 


Total. 


JAkb  Pok^ama,  Minn'. 

Moslssippi  River  at  Lake  Pepin 

IGasiaEippi  River  between  Minneiskaand  Dakota,  Minn. 

JOsinippi  River  at  Fairport,  Iowa 

MlBissippi  River  at  New  Boston,  111 

HiariaBippl  River  at  Oquawlra.  lu 

HiasBBippi  River  at  Lake  Keokuk,  Iowa  and  lU 

Wkiie  Biver  at  Newport,  Ark 


Total. 


60,604,250 
82,044,350 


1,878,100 


11,284,995 


5,000 
'i,'56i,*606' 


5,060,250 

795,500 

19,807,675 


60,694,250 

82,014,350 

11,234,995 

1,878,100 

5,060,250 

800,500 

19,807,675 

1,501,600 


3,384,700 


168,402,025 


11,284,995 


188,021,720 


ALASKA  FISHERIES  SERVICE. 
GEKERAL  CHARACTER  OF  WORK. 

Enforcement  of  the  fisheries  laws  and  regulations  constitutes  the 
chief  feature  of  the  Bureau's  work  in  connection  with  the  general 
fisheries  of  Alaska.  Other  important  duties  include  the  collection 
and  dissemination  of  statistical  information,  the  marking  of  stream 
mouths,  inquiries  and  investigations  as  to  aquatic  resources,  the  study 
of  conditions  with  respect  to  proposed  fisheries  legislation,  the  in- 
spection of  private  salmon  hatcheries,  and  the  holding  of  hearings 
to  d^^ermine  the  advisability  of  further  restrictions  upon  fishing 
operations. 

Details  in  respect  to  the  work  of  this  service  are  published  in  an 
annual  document  issued  under  the  title  ^^  Alaska  Fineries  and  Fur 
Industries."  This  comprehensive  report  will  give  full  details  in 
regard  to  all  important  phases  of  the  matter  involved. 

EXTEKT  AND  CONDITION  Or  THE  FISHERIES. 

The  salmon  fishery  of  Alaska,  which  reached  such  enormous  pro- 
portions in  1918,  showed  a  marked  decline  in  1919.  So  serious  was 
the  falling  off  that  a  prediction  may  be  freely  made  that,  unless  most 
drastic  steps  are  taken  to  further  curtail  operations,  the  industry 
may  suffer  almost  irreparable  damage  and  may  before  many  years 
cease  to  be  of  paramount  commercial  importance.  As  compared  with 
1918,  tiiere  were  declines  in  1919  of  16  per  cent  in  value  and  42  per 
cent  in  the  catch  of  salmon. 
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The  remedy  lies  in  more  adequate  legislation,  and  there  is  urgent 
need  for  revision  of  the  salmon  laws  now  operative.  The  laws  were 
good  enough  when  passed  14  years  ago.  the  industry  then  being  com- 
paratively undeveloped,  but  the  laws  rail  to  meet  the  present  situa- 
tion. Last  winter  much  time  and  effort  were  devoted  to  the  drafting 
of  a  new  fishery  bill  by  a  committee  representing  the  Bureau,  the 
Governor  of  -Alaska,  and  the  commercial  interests.  The  bill  as 
drafted  was  not  submitted  to  Congress  for  the  reason  that  there  were 
certain  fundamental  differences  of  opinion  as  to  several  importtlnt 
features.  The  Governor  of  Alaska  desired  that  practically  all  money 
derived  from  taxation  of  the  fisheries  should  revert  to  Territorial  uses 
not  connected  with  the  fisheries.  There  was  disagreement  also  as  to 
rates  of  taxation  and  other  features.  The  difficulty  in  securing 
proper  legislation  for  the  fisheries  of  Alaska  arises  chiefly  from  the 
divergent  views  among  different  interests  and  the  apparent  inability 
to  appreciate  the  seriousness  of  the  situation.  This  lack  of  harmony 
seems  to  have  impressed  Congress,  which  has  for  many  years  refused 
to  pass  bills  that  have  received  approval  of  committees.  Not  only 
is  a  new  fishery  law  demanded,  but  there  is  grave  need  for  increased 
appropriations,  added  personnel,  more  vessels,  more  hatcheries  to 
enable  the  Bureau  to  do  its  part  in  safeguarding  the  fisheries  of 
Alaska. 

General  statistics  collected  by  the  Bureau  show  that  in  the  calendar 
year  1919  the  total  investment  in  the  Alaska  fisheries  was  $74,181,560, 
an  increase  of  $430,771  over  1918.  The  salmon  industry  absorbed 
approximately  92  per  cent  of  this  amount.  Employment  was  given 
to  28,534  persons,  or  2,679  less  than  in  1918.  The  total  value  of  the 
products  in  1919  was  $50,282,067,  a  decrease  of  $8,872,792  from  1918, 
or  approximately  15  per  cent.  The  reduction  in  the  pack  of  salmon 
caused  nearly  the  whole  of  this  decrease. 

The  salmon-canning  industry  gave  employment  to  25,499  persons 
and  produced  4,583,688  cases,  valued  at  $43,265,349.  There  were 
134  canneries  in  operation.  The  salmon  mild-cure  industry  gave 
employment  to  133  persons  and  produced  4,490,600  pounds,  valued 
at  $916,800.  The  fresh-salmon  trade  employed  34  persons  and 
handled  a  product  of  5,208,^27  pounds,  valued  at  $356,688.  OUier 
products  of  the  salmon  industry  were  pickled  salmon,  1,622,000 
pounds,  valued  at  $195,447;  frozen  salmon,  1,552,480  pounds,  valued 
at  $130,355;  dry-salted  salmon,  212,244  pounds,  valued  at  $17,601; 
dried  and  smoked  salmon,  415,000  pounds,  valued  at  $43,000 ;  oil,  966 

fallons,  valued  at  $966;  and  fertilizer,  724,000  pounds,  valued  at 
18,680. 

The  halibut  industry  produced  7,783,179  pounds  of  fresh  halibut, 
valued  at  $880,433;  6,495,372  pounds  of  frozen  halibut,  valued  at 
$670,147;  and  240  pounds  of  canned  halibut,  valued  at  $25.  The 
herring  industry  yielded  6,357  cases  of  one-half  pound  cans  and 
95,448  cases  of  one-pound  cans,  valued  at  $40,395  and  $811,366,  re- 
spectively ;  7,718,985  pounds  of  pickled  herring,  Scotch  cure,  valued 
at  $451,240;  2,216,120  pounds  of  pickled  herring,  Norwegian  cure, 
valued  at  $147,634;  169,374  gallons  of  oil,  valued  at  $110,800;  ancl 
miscellaneous  products,  valued  at  $114,735.  The  cod  industry  hacl 
products  valued  at  $825,990,  the  chief  output  being  9,829,343  poimds 
of  dry-salted  cod,  valued  at  $773,297.    The  whaling  industry  yielded 
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miscellaneous  products  to  the  value  of  $1,027^00.  Other  fishery  out- 
puts were  as  follows:  Clams,  $184,363;  trout,  $18,155;  sablefish,  $35,- 
485;  red  rockfish,  $1,414;  crabs,  $160;  shrimps,  $21,000;  and  mis- 
cellaneous fresh  fish,  $1,639. 

ENFORCEMENT  OF  FISHERY  LAWS. 

The  patrol  for  the  enforcement  of  the  fishery  laws  and  regulations 
was  actively  carried  on  in  the  season  of  1919  and  was  renewed  for 
the  season  of  1920.  Six  of  the  patrol  vessels  were  owned  by  the 
Bureau,  and  a  like  number  was  chartered.  The  work  was  made  more 
effective  by  the  emplovment  of  a  number  of  temporary  assistants  as 
stream  watchmen.  Their  chief  function  is  to  prevent  violations  of 
the  law  by  their  presence  at  points  where  extensive  fishing  in  the 
streams  is  more  likely  to  occur.  The  success  of  this  work  has  been 
clearly  demonstrated  during  the  current  season.  Owing  to  limited 
appropriations,  it  has  not  been  possible  to  carry  on  this  phase  of  the 
work  to  the  extent  that  it  is  desirable,  but  more  active  operations  are 
contemplated  another  year.  It  is  the  purpose  to  employ  a  larger 
number  of  vessels  and  increase  the  number  oi  stream  watclmien  at  the 
more  important  fishery  centers  in  all  sections  of  Alaska. 

It  is  hoped  that  the  active  cooperation  of  the  Navy  Department 
may  be  secured  through  the  detail  of  at  least  10  subchasers  to  Be  at 
the  disposal  of  the  Bureau  of  Fisheries  for  the  enforcement  of  the 
fishery  laws  and  regulations  during  the  active  salmon-fishing  season, 
extending  from  about  the  first  of  June  until  approximately  the  end 
of  September.  Two  subchasers  were  on  duty  in  southeastern  Alaska 
in  the  season  of  1920.    One  of  these  rendered  excellent  service. 

The  closing  to  salmon  fishing  of  practically  all  of  the  salmon 
streams  of  Alaska,  together  with  certain  areas  outside  their  mouths, 
resulted  in  requests  that  the  Bureau  indicate  the  closed  waters  by 
suitable  markers.  The  erection  of  markers  was  accordingly  begun  in 
the  season  of  1919,  and  the  work  was  carried  on  more  extensively  in 
1920.  It  will  be  continued  as  rapidly  as  possible,  but  several  seasons 
will  probably  be  required  to  complete  the  work. 

The  stealing  of  salmon  that  have  been  caught  in  traps,  which  has 
been  referred  to  locally  as  piracy,  developed  to  a  considerable  extent 
in  1919,  and  in  1920  was  again  the  source  of  serious  loss  and  annoy- 
ance to  cannerjr  operators  in  southeastern  Alaska.  Several  naval 
vessels  in  the  district  had  instructions  to  aid  in  suppressing  this  law- 
lessness, but  it  was  not  entirelj  stamped  out.  It  would  seem  that 
there  has  been  some  exaggeration  at  times  of  losses  thus  sustained, 
and  the  practice  would  soon  come  to  an  end  if  purchasers  of  salmon 
made  certain  of  the  source  of  fish  offered  for  sale  and  refused  to 
accept  stolen  fish.  The  Bureau's  agents  have  cooperated  in  efforts  to 
suppress  this  traffic. 

As  a  result  of  activities  of  the  Bureau's  representatives  there  were 
numerous  convictions  for  violation  of  the  fishery  laws  and  regu- 
lationa 

SCIENTIFIC  INVESTIGATION  OF  THE  ALASKA  FISHERIES. 

In  the  summer  season  of  1919  an  investigation  of  the  spawning 
grounds  of  the  Copper  River  was  made  by  Dr.  Henry  B.  Ward, 
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who  spent  about  seven  weeks  studying  conditions  in  that  field.  His 
report  has  been  published  in  "Alaska  Fisheries  and  Fur  Industries 
in  1919."  Another  investigation  was  inade  by  Dr.  C.  H.  Gilbert  and 
Mr.  Henry  O'Malley  of  nshery  conditions  in  central  and  western 
Alaska.  With  the  exception  of  Chignik,  visits  were  made  to  all  the 
most  important  fishing  districts.  Their  report  also  is  incorporated 
in  the  general  report  referred  to. 

The  controversy  which  arose  as  a  result  of  salmon-canning  opera- 
tions at  the  Yukon  River  led  to  the  Bureau's  undertaking  in  1920  a 
special  investigation  of  the  whole  fishery  situation  on  flie  Yukon. 
The  work  was  assigned  to  Dr.  C.  H.  Gilbert  and  Mr.  Henry  O'Malley, 
who  proceeded  to  the  Yukon  region  early  in  the  season  of  1920.  The 
results  of  the  investigation  will  determine  the  future  course  of  the 
Bureau  in  regulating  the  salmon  fishery  in  that  stream, 

FISHERY  RESERVATIONS. 

In  accordance  with  the  regulations  issued  jointly  under  the  terms 
of  the  Executive  order  of  March  3, 1913,  two  additional  permits  were 
i^ued  for  fishing  operations  in  the  Aleutian  Islands  Reservation.  At 
the  end  of  the  fiscal  year  1920  there  were  26  such  permits  in  force. 
Fishery  matters  in  the  Afognak  Reservation  have  received  proper  at- 
tention. The  usual  patrol  of  the  fishing  grounds  was  maintained, 
and  permits  were  granted  to  natives  to  take  salmon  in  the  reserva- 
tion. In  order  to  prevent  drain  upon  the  supply  of  salmon  for  the 
Afognak  hatchery,  Litnik  Bay  was  closed  at  all  times  to  commercial 
fishing  except  for  silver  salmon,  which  species  runs  late  in  the  season. 
The  commercial  catch  of  salmon  in  the  reservation  was  113,163,  a 
slight  decrease  from  the  previous  season. 

PRIVATE  SALMON  HATCHERIES. 

The  private  salmon  hatcheries  operated  in  Alaska  have  been  in- 
spected, as  required  by  law.  In  1920  only  two  such  hatcheries  were 
in  operation.  One  of  these,  on  Naha  Stream,  in  the  fiscal  year  1920 
liberated  17,070,000  red-salmon  fry.  The  otner  hatchery,  on  Hugh 
Smith  Lake,  planted  11,367,000  red-salmon  fry  in  the  same  year. 
Upon  the  basis  of  the  output  of  these  hatcheries  the  operators  thereof 
were  entitled  under  the  law  to  a  remission  of  taxes  upon  canned 
salmon  at  the  rate  of  40  cents  a  case  to  the  amount  or  $11,370.80. 
The  Territorial  Fish  Commission  also  did  fish-cultural  work  chiefly 
at  Juneau,  where  a  small  hatchery  is  maintained. 

WOOD  RFVE^  SALMON  CENSUS. 

As  the  result  of  an  investigation  made  in  1919,  Dr.  C.  H.  Gilbert^  a 
reco^zed  authority  on  the  Pacific  salmons,  recommended  the  dis- 
continuance of  the  counting  of  red  salmon  at  Wood  River,  which 
has  been  carried  on  each  season  from  its  inception  in  1908  through 
1919,  with  the  exception  of  the  year  1914.  Dr.  Gilbert  felt  that 
the  work  could  be  more  advantageously  conducted  elsewhere  in 
Alaska,  preferably  at  Chignik  or  at  Karluk,  where  the  runs  would 
represent  distinct  races.  The  determination  of  the  direct  ratio  be- 
tween the  catch  of  salmon  and  the  escapement  as  tallied  in  either  of 
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these  streams  would  be  much  more  important  and  conclusive  than  at 
Wood  River,  for  the  reason  that  the  commercial  catch  on  Bristol 
Bay  below  the  mouth  of  Wood  River  is  made  up  of  salmon  headed 
for  several  streams. 

REVISION  OF  REGULATIONS  FOR  SALMON  FISHERIES. 

The  need  of  further  restrictions  upon  salmon-fishing  operations 
generally  in  Alaska  being  apparent,  two  hearings  were  held  at 
Seattle  in  November,  1919,  for  the  purpose  of  eliciting  information 
for  use  in  ^iding  the  Department's  action  in  the  matter.  Following 
these  hearings  an  order  was  promulgated  by  the  Secretary  of  Com- 
merce under  date  of  December  23,  1919,  effective  January  1,  1920, 
which  had  application  to  a  large  portion  of  all  the  streams  flowing 
into  the  Pacific  Ocean  and  Bering  Sea  between  Cape  Dixon,  in  south- 
east Alaska,  and  Cape  Newenham,  Bering  Sea.  The  text  of  the  order 
is  as  follows : 

Hearings  having  been  given*  at  Seattle,  Wash.,  November  20,  1919,  and 
November  25, 1919,  respectively,  after  due  notice  in  accordance  with  law,  for  the 
purpose  of  determining  the  advisability  of  limiting  or  prohibiting  fishing 
in  certain  waters  in  Alaska,  and  to  amend  or  modify  the  order  of  December  21, 
1918,  and  all  persons  having  had  full  opportunity  to  be  heard,  it  is  hereby 
ordered,  by  virtue  of  the  authority  vested  in  me  by  section  6  of  "  An  act  for  the 
protection  and  regulation  of  the  fisheries  of  Alaska,"  approved  June  26,  1906, 
that  until  further  notice  all  fishing  for  salmon,  or  other  fishing  in  the  prose- 
cution of  which  salmon  are  taken  or  injured,  in  all  hereinafter-described  waters 
of  Alaska  be  and  is  hereby  made  subject  to  the  following  limitations  and  pro- 
hibitions in  addition  to  the  general  restrictions  already  applicable  by  virtue 
of  existing  laws  and  regulations : 

1.  Waters  east  of  the  longitude  of  Cape  Spencer : 

(a)  All  fishing  is  prohibited  in  all  salmon  streams  and  their  tributaries  and 
lakes. 

(6)  All  fishing,  except  with  purse  seines  and  drift  gill  nets,  is  prohibited 
within  500  yards  of  the  mouths  of  all  salmon  streams. 

(c)  All  fishing  with  purse  seines  and  drift  gill  nets  is  prohibited  within  200 
3rards  of  the  mouths  of  all  salmon  streams,  and  all  fishing  with  purse  seines  and 
drift  gill  nets  as  well  as  with  all  other  apparatus  is  prohibited  within  500  yards 
of  the  mouths  of  Chilkat  River,  Chllkoot  River,  Anan  Creek,  Hetta  Creek, 
Sockeye  Creek,  and  Naha  Stream. 

2.  All  fishing  is  prohibited  in  all  salmon  streams,  their  tributaries  and  lakes, 
and  within  500  yards  of  the  mouths  of  such  streams  flowing  into  the  Pacific 
Ocean  or  Bering  Sea  between  Cape  Spencer  and  Cape  Newenham^  except  as 
follows : 

(a)  Fishing  is  permitted  in  Bering  River  below  a  line  extending  at  right 
angles  across  Bering  River  from  a  point  approximately  800  feet  northwesterly 
from  the  mouth  of  Gandil  River. 

(b)  Fishing  is  permitted  in  Copper  River  and  its  tributaries  In  accordance 
with  the  terms  of  the  order  promulgated  December  20,  1918,  which  order  Is 
continued  in  full  force. 

(c)  Fishing  is  permitted  at  Karluk  beyond  the  zone  100  yards  outside  the 
mouth  of  Karluk  River  where  it  breaks  through  Karluk  Spit  into  Shellkof 
Strait 

id)  Fishing  is  permitted  In  Ugashik  River  below  a  line  extending  at  right 
angles  across  the  Ugashik  500  yards  below  the  mouth  of  King  Salmon  River. 

3.  The  driving  of  salmon  downstream  and  the  causing  of  salmon  to  go 
outside  the  protected  area  at  the  mouth  of  any  salmon  stream  are  expressly 
prohibited. 

4.  This  order  does  not  apply  to  persons  taking  salmon  with  rod,  hand  line, 
or  spear  for  their  personal  or  family  use  and  not  for  sale  or  barter. 

5.  The  waters  of  the  Afognak  Reservation  are  covered  by  presidential  procla- 
mation of  December  24,  1892,  and  the  regulations  promulgated  by  authority 
thereof  are  not  modified  or  affected  by  this  order  but  remain  in  full  force. 
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6.  All  previous  orders  of  the  Secretary  of  Commerce  imposing  limitations  or 
prohibitions  upon  fishing  in  the  waters  covered  by  this  order,  except  as  herein- 
before indicated,  are  hereby  superseded. 

7.  This  order  became  effective  January  1;  1920. 

On  May  22,  1920,  announcement  was  made  of  a  hearing  to  be  held 
at  Seattle  on  ^Ibvember  23, 1920,  at  which  it  is  proposed  to  elicit  in- 
formation in  respect  to  what  further  restrictions,  if  any,  should  be 
placed  on  salmon  fishing  in  the  Yukon  Kiver. 

Under  date  of  May  25, 1920,  announcement  was  made  of  a  hearing 
to  be  held  at  Seattle  on  November  30, 1920,  for  the  purpose  of  secur- 
ing information  as  to  whether  restrictions  in  addition  to  those  already 
imposed  by  law  should  be  placed  upon  fishing  in  the  Kuskokwim 
Eiver. 

Eequest  having  been  made  for  a  reconsideration  of  the  existing 
salmon-fisherv  regulations  for  the  Copper  River,  announcement  has 
been  made  of  two  hearings,  one  at  Cordova,  Alaska,  October  5,  and 
one  at  Seattle,  Wash.,  November  18, 1920. 

ALASKA  FUR-SEAL  SERVICE. 
GEXERAL  ACTIVITIES, 

The  scope  of  the  Bureau's  work  in  connection  with  the  Pribilof 
Islands  is  far  more  extensive  than  is  generally  realized.  Major  ac- 
tivities include  the  administration  of  affairs  pertaining  to  the  fur- 
seal  and  fox  herds,  with  annual  products  now  averaging  between 
$2,000,000  and  $3,000,000,  and  the  welfare  of  the  native  inhabitants, 
numbering  upward  of  300  persons,  who  in  a  sense  are  wards  of  the 
Government..  The  work  thus  not  only  covers  the  management  of  a 
large  commercial  enterprise  but  involves  civic  and  municipal  duties 
under  conditions  unlike  those  existing  elsewhere  in  the  world. 

The  natives  of  the  Pribilof  Islands  are  essential  for  carrying  on 
the  fur-seal  industry.  Without  them  it  would  be  practically  im- 
possible under  present  conditions  to  conduct  the  laborious  operations 
connected  with  the  killing  and  skinning  of  seals  and  the  curing  and 
shipping  of  the  pelts.  The  natives  perform  their  work  faithfully 
for  the  most  part  and  take  a  keen  interest  in  securing  the  best  results. 
In  return  for  their  efforts,  the  natives  are  allowed  certain  cash  com- 
pensation for  fur-seal  and  fox  skins  taken,  and  in  addition  are  sup- 
Slied  with  food,  clothing^  fuel,  shelter,  and  medical  attention.  The 
istribution  of  supplies  is  prorated  in  accordance  with  the  size  of 
families.  Suitable  schools  are  maintained  for  the  native  children. 
Housing  conditions  are  unsatisfactory,  but  this  situation  is  being 
remedied  as  rapidly  as  possible  with  the  funds  available.  Most  of 
the  dwellings  were  Duilt  40  or  50  years  ago  and  are  badly  in  need  of 
replacement.  Recently  a  model  concrete  house  was  completed  for 
native  use.  If  after  a  season's  occupancy  this  type  proves  satisfac- 
tory, as  it  is  believed  it  will,  further  buildings  or  the  same  kind  may 
be  constructed.  On  March  31,  1920,  the  number  of  natives  resident 
on  St.  Paul  Island  was  188  and  on  St.  George  Island  128,  a  total 
of  316. 

On  December  31,  1919,  the  Commissioner  of  Fisheries  had  in  his 
custody,  as  trustee  for  certain  of  the  natives,  the  sum  of  $3,093.57. 
These  lunds  are  kept  on  deposit  with  the  Washington  Loan  & 
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Trust  Co.,  Washington,  D,  C,  and  draw  interest  at  the  rate  of  3  per 
cent  per  annum,  calculated  on  monthly  balances.  Liberty  bonds  pur- 
chased by  the  natives  through  the  Bureau  of  Fisheries  had,  at  the 
end  of  the  fiscal  year  1920,  been  forwarded  to  their  owners  or  dis- 
posed of  in  accordance  with  their  wishes. 

The  purchase  of  supplies  for  the  Pribilof  Islands  has  been  a  large 
undertaking.  In  1919  the  goods  were  assembled  at  Seattle,  Wash., 
whence  transportation  was  afforded  to  the  Pribilof  Islands  chiefly 
by  the  U.  S.  S.  Nanshan^  through  the  cooperation  of  the  Navy  De- 
partment. Certain  3upplies  in  excess  of  the  NanBharCs  capacity  were 
forwarded  by  commercial  steamer  to.  Unalaska.  In  1920  the  Navy 
Department  again  cooperated  by  shipping  supplies  on  the  the  U.  S.  fe. 
Saturn^  which  vessel  also  acts  as  tender  for  the  Alaska  naval-radio 
stations. 

The  Coast  Guard,  through  its  vessels  detailed  for  Alaska  service, 
has  from  time  to  time  rendered  valuable  assistance  in  the  transporta- 
tion of  supplies  and  persons  in  connection  with  the  Bureau's  work  at 
the  Pribilof  Islands. 

The  Eider,  a  vessel  with  carrying  capacity  of  from  40  to  50  tons, 
purchased  last  year  by  the  Bureau  for  use  as  local  tender  at  the  Pribi- 
lofs  and  for  trips  between  there  and  Unalaska,  the  nearest  port,  250 
miles  distant,  has  proved  of  great  value.  It  is  noteworthy  that  the 
Eider  made  a  trip  from  Unalaska  to  the  islands  in  the  middle -of 
winter.    No  vessel  had  ever  before  visited  the  islands  at  that  time. 

Among  more  notable  improvements  at  the  islands  in  the  past  year 
have  been  the  construction  of  two  new  salt  houses  for  curing  seal- 
skins,  the  erection  of  a  garage  to  house  the  four  tractors  and  two 
trucks  in  use  on  St.  Paul  Island,  the  construction  of  two  new  native 
dwellings,  one  of  concretej  and  improvements  to  the  landings  both  on 
St.  Greorge  and  St.  Paul  Islands.  The  four  tractors  sent  to  St.  Paul 
Island  in  the  fall  of  1919  have  been  of  great  value  in  hauling  seal- 
skins from  killing  fields  to  the  salt  houses,  and  in  moving  seal  car- 
casses from  the  fields  to  the  by-products  plant. 

The  Navy  Department  has  continued  the  maintenance  of  radio 
stations  on  St.  Paul  and  St.  George  Islands.  They  have  been  of  in- 
calculable value  in  affording  communication  with  the  outside  world 
at  all  times  of  the  year. 

Attention  is  invited  to  the  necessity  of  augmenting  the  personnel 
of  the  Pribilof  Islands.  The  best  interests  of  the  Government  re- 
quire that  the  present  staff  be  increased  by  a  biologist  or  naturalist  to 
give  sustained  consideration  to  the  scientific  problems  involved  in  the 
fur  seals,  foxes,  and  other  life  on  the  islands,  and  by  several  technical 
assistants. 

THE  FUR-SEAL  HERD. 

The  census  of  the  seal  herd  as  of  August  10,  1919,  showed  524,235 
animals  of  all  ages  in  the  herd,  an  increase  of  27,803  over  the  corre- 
sponding figure  for  1918.  The  tentative  figures  for  the  census  of 
1920  indicate  548,473  seals  as  of  August  10,  1920,  or  an  increase  of 
slightly  over  24^000  in  the  year.  The  increases  from  year  to  year  are 
net,  the  seals  killed  in  the  period  between  the  censuses  having  been 
deducted.  The  census  in  1920  was  again  taken  under  the  immediate 
supervision  of  Dr.  G.  Dallas  Hanna. 
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In  the  calendar  year  1919  there  were  taken  on  St.  Paul  Island 
24,053  sealskins  and  on  St.  George  Island  3,768,  a  total  of  27,821.  Of 
these  skins,  2,513  were  from  seals  6  years  of  age  and  5,218  from  seals 
7  years  of  age  and  upward,  in  an  effort  to  reduce  the  number  of  old 
surplus  bulls.  In  1920  there  were  taken  through  August  10,  21,936 
skins  on  St.  Paul  Island  and  4,042  on  St.  George  Island,  a  total  of 
25,978.  The  take  for  1920  will  be  increased  somewhat  by  tall  killings 
to  provide  food  for  the  natives. 

The  provisional  quota  of  seals  to  be  killed  at  the  Pribilof  Islands  in 
the  calendar  year  1920  was  fixed  at  35,000,  of  whiph  31,000  were  to  be 
taken  on  St.  Paul  Island  and  4,000  on  St.  George  Island ;  but  as  the 
sealing  season  progressed  it  became  apparent  that  the  surplus  adult 
males,  which  constituted  about  25  per  dtent  of  the  contemplated  quota, 
were  not  present  in  the  expected  numbers.  On  the  recommendation 
of  the  responsible  agents  of  the  islands  telegraphic  authority  was 
given  to  take,  in  addition  to  the  numbers  previously  determined,  3,000 
3-year-olds  and  1,000  4-year-olds,  these  classes  of  seals  being  present 
in  sufficient  abundance  on  St.  Paul  Island  to  fully  warrant  the  in- 
creased killings. 

The  different  elements  of  the  fur-seal  herd,  as  determined  by  re- 
cent observations,  now  closely  approximate  tne  proper  proportions 
in  respect  to  the  various  age  classes.  The  efforts  of  the  past  two  sea- 
sons to  reduce  the  excess  of  breeding  males  have  been  successful,  as 
indicated  by  the  fact  that  the  average  number  of  cows  per  harem  in- 
creased from  30  in  1919  to  41  in  1920. 

Experimental  work  in  the  season  of  1920  may  lead  to  the  adoption 
of  marked  changes  in  methods  of  handling  fur-seal  skins,  but  final 
decision  must  await  the  outcome  of  the  dressing  and  dyeing.  The 
experiments  have  included  an  improved  method  of  salting  the  skins ; 
the  washing  of  the  pelts  before  salting,  in  order  to  remove  blood  and 
dirt ;  and,  in  addition,  there  have  been  extensive  practical  tests  of  the 
advisability  of  removing  blubber  from  the  pelts  before  salting. 

In  the  fiscal  year  1920  three  sales  of  Pribilof  Islands  fur-seal  skins 
were  held  at  St.  Louis.  At  the  first  sale,  September  10,  1919,  9,055 
skins  were  disposed  of  at  the  bid  price  of  $827,112.50.  At  the  sec- 
ond sale,  February  2,  1920,  9,100  skins  were  sold  for  $1,282^5.  At 
the  third  sale.  May  10,  1920,  5,752  skins  brought  $424,166.  The  total 
number  of  sealskins  sold  during  the  fiscalyear  was,  therefore,  23,907, 
at  the  aggregate  price  of  $2,534,183.50.  TTie  high  prices  received  are 
indicative  oi  the  excellent  quality  of  the  skins,  wnich  prior  to  sale 
are  dressed,  dyed,  and  machined  at  the  modern  plant  located  in  St. 
Louis.  The  output  of  this  plant  unquestionably  surpasses  anything 
of  the  kind  ever  produced  heretofore  in  Europe  or  elsewhere. 

As  a  net  result  of  the  sales  of  fur-seal  skins  in  the  fiscal  year  1920 
tliere  was  deposited  in  the  Treasury  of  the  United  States  the  sum  of 
$1,457,790.57.  This  amount  represents,  in  part,  some  of  the  skins 
sold  in  previous  fiscal  years  for  which  returns  did  not  come  in  until 
1920.  In  addition  to  the  amount  stated  the  sum  of  $271,894.48  was 
set  aside  for  payment  to  Great  Britain  and  Japan  of  the  shares  to 
which  those  nations  are  entitled  under  the  North  Pacific  Sealing  Con- 
vention of  1911. 

Pursuant  to  the  provisions  of  the  fur-seal  convention,  there  have 
been  received  by  the  United  States  111  sealskins  from  the  Japanese 
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herd  on  Kobben  Island.    This  number  represented  the  10  per  cent 
^are  of  the  United  States  of  the  take  of  555  skins  in  each  of  the . 
years  1918  and  1919.    These  skins,  which  had  been  taken  and  cured 
in  an  excellent  manner,  were  forwarded  in  March,  1920,  to  the  De- 
partment's agents  in  St.  Louis  for  sale. 

BY-PRODUCTS  OF  THE  SEAL  INDUSTRY. 

Shipments  in  the  fiscal  year  1920  of  commodities  prepared  at  the 
by-products  plant  on  St.  taul  Island  aggregated  20,568  pounds  of 
animal  meal,  or  fertilizer,  and  3,000  gallons  of  oil.  The  amount  re- 
ceived from  the  sale  of  fertilizer  was  $771.30,  and  for  the  oil  $3,640. 
An  excellent  grade  of  oil  was  produced.  The  plant  was  again  oJ)er- 
ated  in  the  season  of  1920,  but  shortage  of  labor  and  fuel  limited 
operations,  with  the  result  that  29,000  pounds  of  fertilizer  and  1,800 
gallons  of  oil  were  produced.  An  expert  was  employed  for  the  op- 
eration of  the  plant.  It  is  expected  that  hereafter  the  work  will  be 
conducted  along  more  extensive  lines. 

FOXES  AXD  REINDEER. 

The  blue-fox  herds  on  the  Pribilof  Islands  as  a  source  of  revenue 
to  the  Government  are  largely  dependent  on  the  sealing  industry. 
Without  the  food  provided  from  seal  carcasses  the  fox  herds  would 
disappear  as  a  commercial  proposition.  St.  George  Island  is  a  far 
more  prolific  producer  of  fox  pelts  than  St.  PauL  On  St.  George 
there  has  been  developed  a  method  of  control  that  has  not  yet  been 
adopted  on  the  other  island.  The  animals  are  fed  regularly  through 
the  winter  with  seal  meat  preserved  from  killings  of  the  preceding 
summer,  and  they  are  captured  in  specially  constructed  traps  which 
permits  the  release  of  an  adeauate  and  healthy  breeding  reserve. 

In  the  season  of  1919-20  tnere  >frere  taken  on  St.  Paul  Island  155 
blue-fox  pelts  and  33  white- fox  pelts,  and  on  St.  George  Island  746 
blue-fox  pelts  and  4  white- fox  pelts,  a  total  of  901  blue  pelts  and 
37  white  pelts.  This  was  the  largest  production  in  many  years.  The 
yield  of  bqth  islands  in  the  preceding  season  was  667  blue  skins  and 
30  white  skins.  The  white  fox  on  the  islands  represents  a  color 
phase  of  the  blue  fox^  and,  as  it  is  far  less  valuable,  every  effort  is 
made  to  eliminate  it  irom  the  herds.  It  is  expected  that  over  1,000 
blue- fox  skins  may  be  taken  in  the  coming  winter. 

The  blue  and  white  fox  skins  taken  at  the  Pribilof  Islands  in  the 
winter  of  1918-19.  with  the  exception  of  two  withheld  for  exhibition 
purposes,  were  sold  at  public  auction  at  St.  Louis  on  September  10, 
1919.  Six  hundred  and  sixty-five  blue  pelts  and  30  white  pelts  made 
up  the  sale.  The  blue  pelts  brought  $130,274.50.  an  average  of  $195 
each,  and  the  white  pelts  $1,660,  an  average  of  $53.33  each. 
^  According  to  the  best  available  figures,  there  were  164  reindeer  on 
St.  Paul  Isbnd  and  123  on  St.  George  Island  at  the  end  of  the  year 
1919.  This  is  a  net  increase  of  18  over  the  year  before.  During  1919, 
36  reindeer  were  used  for  food,  thus  affording  a  welcome  change  in 
diet.  The  herd  is  in  a  flourishing  condition,  having  increased  to 
its  present  proportions  from  the  original  stock  of  40  animals  intro- 
duced on  the  islands  in  1911. 
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MINOR  FUR-BEARINQ  ANIMALS  OF  ALASKA. 
VALUE  OF  FURS  PRODUCED. 

The  value  of  the  furs  shipped  from  Alaska  in  the  year  ending 
November  15, 1919,  exclusive  of  those  from  the  Pribilof  Islands,  was, 
according  to  statistics  compiled  by  the  Bureau,  $1,379,347.66.  The 
corresponding  figiires  were  $1,306,421.16  for  1918  and  $1,028,719.05 
for  1917.  The  principal  furs  shipped  in  the  last  year  were  7,723  red- 
fox  pelts,  valued  at  $270,305;  4,575  white- fox  pelts,  valued  at 
$210,450;  28.040  mink  pelts,  valued  at  $252,360;  and  113,652  muskrat 
pelts,  valued  at  $215,938.80.  The  statistics  of  fur  shipments  were 
collected  as  in  previous  years  by  requiring  shippers  to  report  all  con- 
£dgnments  of  lurs  from  Alaska.  The  ^ost  Office  Department  con- 
tinued its  cooperation  in  having  postmasters  report  all  shipments  of 
furs  by  mail.  As  a  check  on  reports  of  furs  from  Alaska  made  other- 
wise than  by  mail,  the  records  of  the  customshouse  at  Juneau  are 
available  for  examination. 

REGULATIONS  AND  VIOLATIONS. 

No  change  was  made  during  the  fiscal  year  in  the  departmental 
regulations  for  the  protection  of  fur-bearing  animals  in  Alaska,  ex- 
cept that  the  close  season  on  sea  otters  was  extended  for  an  additional 
period  of  five  years,  or  until  November  1,  1925.  While  it  appears 
that  the  numbers  ox  sea  otters  in  Alaska  are  increasing  somewhat, 
it  seems  highly  desirable  to  continue  in  the  inshore  waters  the  pro- 
tection that  is  afforded  offshore  by  international  agreement. 

A  considerable  number  of  seizures  of  imprime  furs  was  made  dur- 
ing the  year.  The  regulations  forbid  the  taking  of  unprime  furs 
at  all  times.  A  very  important  seizure  was  that  made  in  July,  1919, 
of  marten  and  beaver  pelts,  which  had  been  mailed  in  Alaska,  the 
kiUing  of  beaver  and  marten  being  prohibited  throughout  the  year 
in  Alaska.  The  seizure  was  made  tnrough  search  warrants  acqui- 
esced in  by  the  Post  Office  Department  and  consisted  of  714  marten 
skins  and  699  beaver  skins.  The  right  of  the  Government  to  seize 
and  hold  these  skins  was  contested,  and  at  the  end  of  the  year  the 
matter  was  still  undecided  by  the  courts. 

FUR  FARMING   IN   ALASKA. 

On  December  31, 1919,  five  islands  were  under  lease  to  individuals 
or  firms  for  the  propagation  of  foxes  and  other  fur-bearing  ani- 
mals— viz,  Chirikof,  Liong,  Marmot,  Little  Koniuji,  and  Middleton. 
The  annual  rental  received  was  $200  or  $205  for  each  island. 

Fur  farming  continues  to  be  carried  on  by  a  number  of  persons 
in  Alaska.  Operations  are  concerned  chiefly  with  the  breeding  of 
foxes.  Whether  intensive  fox  farming  will  prove  in  the  end  suc- 
cessful can  not  be  foreseen  at  present.  In  all  probability  the  raising 
of  foxes  on  islands  where  the  animals  are  permitted  to  run  at  large 
will  continue  to  be  profitable  to  those  who  are  so  situated  as  to  take 
advantage  of  conditions. 
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TRANSFER  OP  JURISDICTIION. 

The  act  making  appropriations  for  the  Department  of  Agriculture 
for  the  fiscal  year  1921,  approved  May  31, 1920,  contained  a  provision 
that  the  jurisdiction  heretofore  exercised  by  the  Secretary  of  Com- 
merce over  land  fur-bearing  animals  in  Alaska,  the  Pribilof  Islands 
excepted,  be  transferred  to  the  Secretary  of  Agriculture.  This  trans- 
fer has  for  several  years  been  advocated  by  the  Bureau  of  Fisheries. 
The  act  further  provides  that  jurisdiction  in  the  matter  of  leasing 
certain  islands  in  Alaska  for  the  propagation  of  foxes  and  other  fur- 
bearing  animals  be  also  transferred  rrom  the  Secretary  of  Commerce 
to  the  Secretary  of  Agriculture.  At  the  same  time  the  jurisdiction 
over  walruses  and  sea  lions  previously  vested  in  the  Secretary  of 
Agriculture  was  tranaferred  to  the  Secretary  of  Commerce. 

MISCELLANEOUS. 
AFFBOFRIATIONS. 

The  regular  appropriations  for  the  support  of  the  Bureau  of  Fish- 
eries for  the  fiscal  year  1920  aggregated  $1,206J.90.  The  specific 
purposes  for  which  the  appropriations  were  made  and  the  amount 
thereunder  were  as  follows: 

Salaries $434,190 

MiaceUaneous  expenses: 

Administration - 11, 000 

Propagation  and  distribution  of  food  fishes * 400, 000 

Maintenance  of  vessels 120,000 

Inquiry  respecting  food  fishes 45,000 

Statistical  inquiry 15, 000 

Protecting  sponge  fisheries 3, 000 

Protecting  seal  and  salmon  fisheries  of  Alaska 125,000 

Officers  and  crew  of  vessels  for  Alaska  fisheries  service __  26,000 

Special  appropriations: 

Cape  Vincent  (N.  T.)  fish  hatchery,  general  repairs 8,000 

•    Duluth  (Minn.)  fish  hatchery,  foreman's  cottage 4,000 

Wytheville  (Va.)  fish  hatchery,  general  improvements  to  water 

supply 5, 000 

Fairport    (Iowa)    biological  station,  additional  amount  for  re- 

buUding  laboratory 10, 000 

The  following  deficiency  appropriations,  amounting  to  $132,600, 
became  available  during  the  year : 

Maintenance  of  vessels $5, 000 

Inquiry  respecting  food  fishes 500 

Protecting  seal  and  salmon  fisheries  of  Alaska 2,000 

Baker  Lake  (Wash.)  hatchery,  replacing  buildings  destroyed  by  fire —  50,000 
Woods  Hole  (Mass.)  station,  replacing  machine  shop  and  power  plant—  70,000 

Fairport  (Iowa)  biological  station,  equipment 1,000 

WythevIUe  (Va.)  station,  improvement  to  water  supply 4.000 

In  accordance  with  law,  a  detailed  statement  of  the  expenditures 
under  the  regular  and  deficiency  appropriations  will  be  duly 
submitted. 

BUILDINGS  AND  IMPROVEMENTS. 

The  special  appropriation  for  the  construction  of  a  foreman's  cot- 
tage at  Uie  Dulutn,  Minn.,  station  has  not  been  used.    Proposals  were 
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received  from  a  number  of  contractors  for  the  work,  but  none  of  a 
satisfactory  nature  within  the  limits  of  the  appropriation  were 
received. 

At  the  Cape  Vincent,  N.  Y.,  station  there  has  been  satisfactory 
progress  in  making  the  improvements  contemplated.  The  most 
miportant  items  are  the  general  remodeling  of  the  interior  of  the 
hatchery  building.  This  involves  new  windows,  floors,  and  floor 
joists,  the  reinforcing  of  the  stone  walls  of  the  building,  and  the 
general  rearrangement  of  the  hatching  batteries,  pumps  and  heating 
plant,  all  making  for  economy  in  space  and  convenience  in  opera- 
tion. A  10-inch  suction  pipe  from  the  end  of  the  dock  to  the  pumps 
has  been  laid  and  a  new  pump  installed.  Concrete  piers,  to  serve  as 
a  foundation  for  an  18,0(X)-callon  wood-stave  tank  supported  on  a 
steel  tower,  material  for  which  has  been  ordered  under  contract, 
were  in  place  at  the  close  of  the  year,  and  the  construction  of  a  white- 
fish  battery  of  an  improved  type,  together  with  a  building  to  shelter 
the  fry  tanks,  was  under  way. 

The  special  appropriation  of  $50,000  for  the  reconstructijpi  of 
buildings  at  the  fiaker  Lake  station,  which  were  destroyed  by  fire 
on  July  21,  1919,  became  available  in  November  and  work  was  im- 
mediately undertaken.'  A  new  frame  hatchery  56  by  130  feet, 
equippea  with  150  standard  salmon-hatching  troughs  with  a  capacity 
for  at  least  40,000,000  sockeye-sahnon  eggs- and  fry  will  be  ready  for 
occupancy  during  the  1920  spawning  season,  in  addition,  a  tem- 
porary shelter  containing  40  hatching  troughs  was  completed  in  time 
to  successfully  handle  the  large  egg  collections  made  m  the  fall  of 
1919.  AU  the  lumber  used  has  been  cut  on  the  grounds  bv  means 
of  a  sawmill  purchased  and  installed  for  the  purpose.  Hiis  mill 
will  be  a  valuable  permanent  adjunct  to  the  station. 

The  special  appropriation  for  the  improvement  of  the  water  supply 
at  the  Wythe viUe  (Va.)  station  has  oeen  used  in  the  installation 
of  appro!s:imately  4,000  feet  of  14-inch  woodcstave  pipe.  The  work 
involved  the^onstruction  of  a  cement  dam  in  Tates  Eun,  from  which 
point  the  water  is  taken,  the  excavation  of  a  ditch  3  feet  deep  by 
2  feet  wide  and  4.000  feet  long,  500  feet  of  which  were  blasted  irom 
solid  rock,  and  tlie  construction  of  a  dam  and  four  bulkheads  of 
cement  where  the  line  crosses  the  creek.  The  complete  installation 
increases  the  water  supply  by  approximately  1,500  gallons  of  water 
per  minute.  The  laying  of  this  line  necessitated  the  purchase  of  a 
right  of  way  across  mtervening  land. 

The  new  biological  laboratory  at  Fairport,  Iowa,  to  take  the  place 
of  the  one  destroyed  by  fire,  is  practically  completed  and  was  ready 
for  occupancy  in  the  summer  of  1920.  The  building  is  of  concrete, 
stone,  and  brick  construction,  and  is  designed  to  be  fireproof.  The 
outside  dimensions  are  101  feet  8  inches  T)y  54  feet  6  inches.  The 
main  floor  comprises  two  office  rooms,  four  biological  laboratories, 
and  a  chemical  laboratory,  besides  a  room  of  two  compartments  for 
embedding  and  microtome  work,  a  stock  room  and  a  museum  with 
adjoining  work  room.  On  the  second  floor  are  a  large  and  well- 
lighted  library,  2  laboratories,  10  bedchambers,  3  bathrooms,  and 
linen  closets.  The  third  floor,  which  is  completed  only  oyer  the 
center  or  main  portion  of  the  building,  comprises  10  rooms  which 
may  serve  as  required  for  bedchambers,  storage,  and  other  appro- 
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priate  purposes.  In  the  basement  there  are  a  boiler  room,  a  coal 
vault,  dynamo  room,  two  storage  rooms,  packing  room,  dining  room, 
pantry,  and  kitchen,  and  finally  two  large  rooms  for  tanks  and  an 
aquanum.  The  floors  are  concrete  except  in  the  library.  Marble 
terrazzo  is  employe  for  floors  in  bathrooms,  in  first  and  second 
story  public  halls  and  corridors,  and  on  main  stairways.  The  build- 
ing is  equipped  with  electric  lights  and  with  conduits  for  an  inter- 
commumcating  telephone  system.  It  is  steam  heated,  provided  with 
hot  and  cold  water,  and  is  piped  for  gas  in  the  principal  laboratories. 
Plans  for  a  boiler  and  engine  house  and  machine  shop  at  the 
Woods  Hole  (Mass.)  station,  to  replace  the  wooden  structure,  which 
was  burned  in  March,  are  completed  and  the  contract  will  be  let  at 
an  early  date. 

VESSEL  SERVICE. 

At  the  beginning  of  the  fiscal  year  the  steamer  Albatross  was  at 
Baltimore  fitting  out  and  being  put  in  order  for  the  Bureau's  needs 
after  her  use  by  the  Navy.  Considerable  additions  were  made  to  her 
equipment,  including  a  powerful  modern  dredging  winch  and  an 
otter  trawl.  She  sailed  October  27  for  a  cruise  in  Florida  and  Cuban  ' 
waters  to  initiate  fishery  investigations  to  serve  as  a  basis  for  further 
operations  by  the  ship  during  the  next  two  years.  Biological,  and 
physical  oceanographic  stations  were  occupied  on  four  sections  across 
the  Gulf  Stream  between  Cape  Henry  and  Key  West:  Across  Florida 
Strait,  between  Key  West  and  Habana ;  from  Habana  to  Cape  San 
Antonio  at  the  western  end  of  Cuba ;  across  the  Yucatan  Channel  to 
Cape  Catoche ;  and  from  Cape  Catoche  to  Dry  Tortugas.  The  vessel 
returned  to  Baltimore  on  January  1, 1920. 

On  February  16  the  Albatross  sailed  for  Boston,  arriving  there 
February  24,  and  making  this  port  headquarters  for  fishery  and 
oceanographic  investigations  in  the  Gulf  of  Maine.  This  was  a  con- 
tinuation of  investigations  conducted  in  the  same  waters  by  the 
Grampus^  beginning  in  1912.  On  the  trip  to  Boston  the  vessel  made 
three  hauls  with  a  60-foot  otter  trawl  m  the  vicinity  of  the  100- 
fathom  curve,  with  the  purpose  of  determining  the  occurrence  of  tile- 
fish  and  other  ground  fish  off  the  middle  Atlantic  coast;  she  also 
occupied  a  series  of  hydrographic  stations  on  a  line  across  Georges 
Bank.    The  i^ork  in  tne  GSf  of  Maine  lasted  until  April  21. 

On  May  8  the  Albatross  started  an  inquiry  regarding  the  spawn- 
ing habits  of  the  haddock  in  the  Gulf  or  Maine.  This  work  lasted 
until  May  19,  when  the  vessel  returned  to  Baltimore,  arriving  May 
20.  A  general  survey  of  the  ship  was  made  on  May  25.  While  she 
was  foun'd  to  be  in  generally  good  condition,  certain  repairs  and  im- 
provements were  authorizea  and  were  in  progress  at  the  end  of  the 
fiscal  year. 

Owing  to  the  inability  of  obtaining  satisfactory  scientific  assist- 
ants it  was  not  possible  to  utilize  the  steamer  Fish  Hawk  during  the 
first  half  of  the  fiscal  year,  but  on  January  10  active  operations  were 
undertaken.  A  hydrographic  and  biological  survey  of  Chesapeake 
Bay  was  commenced,  to  be  carried  out  by  a  series  of  cruises,  each  of 
one  to  two  weeks'  duration,  at  approximately  monthly  intervals.  This 
work  is  bein^  continued  witb  satisfactory  results.  The  vessel  is  in 
excellent  condition. 


Digitized  by 


Google 


64  BBFOBT  OF  THE  GOMMISSIOKEB  OF  FISHERIES. 

During  the  summer  and  fall  of  1919  the  steamer  Halcyon  was  at- 
tached to  the  Gloucester  (Mass.)  station  and  assisted  in  nsh-cidtural 
work  during  the  season.  In  January,  February,  and  March  she  per- 
formed valuable  service  in  keeping  the  chamiel  in  Gloucester  Harbor 
cleared  of  ice,  so  that  fishing  vessels  could  entei^and  depart. 

When  the  Ucilcyoii  was  turned  over  to  the  Navy  at  the  bediming 
of  the  war,  she  was  not  entirely  completed  and  equipped.  This  need 
has  been  met,  and  the  vessel  has  been  put  in  condition  for  the  Bu- 
reau's purposes.  Some  desirable  alterations  in  her  interior  have  been 
made,  a  heavy  gun  platform  has  been  removed  from  the  forward 
deck,  her  engine  and  machinery  have  been  overhauled,  and  bilge 
keels  have  been  built  on.  An  electric-light  plant  has  been  installed, 
and  a  dredging  winch  with  appropriate  ^ar  and  apparatus  has  been 
provided.  The  work  is  practically  completed,  and  the  vessel  is  ready 
for  service. 

The  auxiliary  schooner  Eider,  purchased  during  the  last  fiscal 
year  for  service  at  the  Pribilof  islands,  left  Seattle  on  October  26 
for  the  islands  with  coal  and  other  supplies  and  with  several  Gov- 
ernment employees,  reaching  her  destination  on  November  22. 
Headquarters  for  the  winter  were  established  at  Unalaska,  there 
being  no  harbor  or  suitable  anchorage  at  the  islands.  During  the 
year  the  vessel  has  been  almost  constantly  employed  as  a  tender, 
operating  between  the  Pribilof  Islands  and  Unalaska.  Trips  were 
made  as  the  weather  permitted  in  January,  April,  May,  and  June. 
The  vessel  has  proved  satisfactory  for  the  service  required. 

The  steamer  Osprey  was  engaged  as  a  fishery  patrol  boat  in 
southeastern  Alaska  waters  until  August  6,  1919.  She  was  then 
reported  to  be  in  an  unseaworthy  condition,  and  for  the  remainder 
of  the  year  was  laid  up  at  Cordova.  The  Osprey^  which  is  25  years 
old,  was  purchased  by  the  Bureau  in  1912  for  $13,000,  and  has  given 
nearly  eight  years  or  hard  service.  She  has  now  outlived  her  use- 
fulness, and,  as  it  was  believed  inadvisable  to  devote  any  large 
amoimt  of  money  to  put  her  in  first-class  condition,  she  has  been 
condemned,  and  sale  has  been  authorized. 

The  two  small  fishery  patrol  boats  Murre  and  Auklet  have  per- 
formed excellent  service,  being  constantly  employed  in  southeastern 
Alaska  waters  during  the  entire  year.  From  rfovember  1  to  March 
31  the  Murre  was  loaned  to  the  Bureau  of  the  CeniSUs  for  the  use 
of  census  enumerators.  This  vessel  has  met  with  two  accidents 
during  the  year.  She  caught  fire  on  December  3.  1919,  with  the 
result  of  considerable  damage  to  the  vessel  and  loss  of  personal 
property  of  the  crew.  On  April  1  she  struck  a  rock  and  was 
beached  in  consequence.  An  investigation  showed  that  both  of  these 
accidents  were  unavoidable  and  no  blame  has  been  attached  to  the 
personnel  of  the  boat.  She  has  already  been  repaired  and  is  in  active 
service. 

The  Phalarope  and  the  Oanriet  have  been  engaged  as  usual  in  fish- 
cultural  work,  the  former  in  connection  with  the  Woods  Hole 
(Mass.)  and  Bryans  Point  (Md.)  stations,  the  latter  at  Boothbay 
Harbor,  Me. 

In  addition  to  the  vessels  mentioned  in  the  last  annual  report, 
there  have  been  transferred  to  the  Bureau  by  the  Navy  Department 
the  motor  boats  Raeo^  Edithena^  and  Wacfmssetts.    The  Raeo  has 
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been  rechristened  the  KittiwaJce  and  assigned  to  the  Gloucester 
(Mass.)  station  for  fish-cultural  work,  but  no  definite  assignments 
have  bieen  made  of  the  other  two.  It  is  believed  that  they  will 
prove  of  value  in  some  of  the  activities  of  the  Bureau. 

A  new  motor  boat,  the  Tem^  was  constructed  in  April  for  use  on 
the  lower  Yukon  River  and  in  the  delta  waters.  The  vessel  is  38 
feet  long  and  is  equipped  with  a  35-50-horsepower  engine. 

PUBLICATIONS  AND  UBRART. 

The  limitation  imposed  by  Congress  on  the  publications  of  the 
Bureau  is  proving  a  considerable  drawback.    Most  of  the  Bureau's 
documents  are  intended  to  serve  a  definite  public  purpose,  looking  to 
the  conservation,  maintenance,   or   proper   utilization   of   aquatic 
creatures.    Such  publications  are  therefore  deserving  of  wide  dis- 
tribution within  proper  limits  if  their  purpose  is  to  be  achieved. 
Many  of  the  printed  reports  are.  the  result  of  protracted  inquiry  or 
investigation  afid  pertain  to  the  welfare  of  important  branches  of 
the  fisheries  and  fish  culture  in  extensive  areas  where  it  may  be 
desirable,  if  not  necessary,  to  reach  thousands  of  persons.    In  these 
circumstances,  to  restrict  editions  to  1,000  copies,  regardless  of  their 
cost  or  regardl^s  of  the  exigencies  of  the  particular  public  fishery 
situations  intended  to  be  md;,  and  to  prohibit  the  issuance  of  re- 
prints during  the  same  year  in  which  the  original  reports  were  pub- 
lished, may  defeat  the  bureau's  eflForts  to  render  a  service  for  which 
there  is  a  great  public  demand.    The  major  cost  of  publications  is 
not  in  paper  ana  presswork  and  may  be  not  even  in  composition, 
but  in  the  labors  and  expenses  of  investigators.    It  woula,  there- 
fore, seem  unwise  in  the  case  of  many  of  the  Bureau's  documents  to 
exercise  economy  only  with  regard  to  their  least  expensive  feature. 
The  publications  issued  during  the  year  have  been  carefully  con- 
sidered and  designed  in  all  cases  to  meet  a  public  need.    The  free 
distribution  of  documents  has  been  restricted  and  mailing  lists  have 
been  revised.    The  series  of  economic  circulars  has  been  added  to 
and  continues  to  serve  the  useful  purpose  of  supplying  practical  in- 
formation on  timely  subjects  at  insignificant  cost.    The  limitation 
on  the  size  of  editions  acts  as  a  special  handicap  in  the  case  of  these 
documents. 

A  noteworthy  work  accomplished  by  the  librarian  is  the  comple- 
tion of  an  analytical  subject  bibliography  of  the  Bureau's  publica- 
tions from  1871  to  1920.  These  publications  constitute  a  library  in 
themselves,  and,  without  doubt,  are  the  most  complete  and  compre- 
hensive collection  extant  on  the  fishery  industries,  fish  culture,  and 
aquatic  biology  and  physics.  More  than  6,700  titles  occur,  and,  in 
order  to  make  the  inatter  available  for  reference,  intelligent  compila- 
tion and  classification  are  necessary.  It  is  proposed  to  print  this 
bibliography  in  convenient  and  inexpensive  fx)rm,  appearing  oppor- 
tunely at  the  close  of  the  first  half  century  of  the  Bureau's  existence. 

DISINTEGRATION  OF  THE  PERSONNEL. 

As  the  concluding  section  of  this  report,  special  attention  is  in- 
vited to  the  matter  of  fair,  compensation  for  the  loyal  and  efficient  em- 
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ployees  of  the  Bureau  in  Washington,  in  the  field,  and  afloat.  It  is 
hoped  that  affirmative  action  may  be  taken  by  Congress  on  pending 
relief  measures  that  affect  the  force  in  the  District  of  Columbia  and 
that  there  may  also  be  a  readjustment  of  salaries  throughout  the  field 
service. 

A  very  serious  situation  confronts  the  Bureau  because  of  the  dis- 
integration of  the  trained  corps  of  specialists  in  all  branches  of  the 
service,  owing  to  the  insufficient  salaries  allowed  by  Congress.  With 
the  cost  of  living  increased  at  least  100  per  cent  in  the  past  10  years, 
the  bonus  provided  by  Congress,  while  most  desirable  and  acceptable, 
must  be  regarded  as  a  wholly  inadequate,  purely  palliative,  and  mani- 
festly temporary  expedient.  No  bonus  and  no  salary  increase  have 
been  accorded  an  important  part  of  the  Bureau's  personnel  respon- 
sible for  the  wise  planning  and  efficient  direction  of  the  work. 

The  Bureau  has,  therefore,  been  obliged  to  submit  to  the  loss  of 
valuable  employees  and  the  crippling  of  its  technical  staff  that  rep- 
resent years  of  special  training  in  ord^r  to  equip  them  for  the  peculiar 
needs  of  the  fishery  service,  because  of  the  notoriously  low  compensa- 
tion allowed  by  Congress  and  the  much  more  attractive  positions  out- 
side the  Government.  Unskilled  laborers  and  low-grade  mechanics 
are  receiving  wages  that  in  many  cases  far  exceed  the  compensation 
allowed  bjr  law  for  high-grade  experts  in  the  Bureau's  service, 
while  technical  positions  of  responsibility  and  importance  comparable 
to  those  in  the  ioureau  command  salaries  in  private  life  that  are  from 
two  to  four  times  those  paid  by  the  Grovemment. 

It  is  therefore  not  strange  that  the  Bureau  should  have  lost 
through  resignations  one-third  of  its  scientific  force  and  that  other 
resignations  therein  are  pending,  resulting  in  the  disorganization  of 
a  staff  that  has  taken  years  to  build  up,  will  require  years  to  reestab- 
lish imder  most  favorable  conditions,  and  can  never  be  replaced  so 
long  as  the  Government  offers  no  financial  inducements.  In  the  fish- 
cultural  service,  owing  to  low  compensation,  about  two-thirds  of  the 
statutory  positions  in  the  lower  grades  have  been  either  vacant  or 
filled  temporarily  by  old  men  and  boys  without  qualifications,  and 
in  many  cases  even  incompetent  persons  have  refused  to  accept  em- 
ployment at  the  meager  rates  of  pay  offered  by  the  Government.  At 
one  western  station  the  superintendent  and  one  other  employee  have 
been  the  only  members  or  the  statutory  force  for  more  than  two 

J  ears,  while  m  other  fields  the  work  of  important  auxiliary  stations 
as  of  necessity  been  put  in  charge  of  inexperienced,  temporary  men, 
or  mere  apprentices. 

No  private  establishment  would  be  expected  to  function  under  the 
conditions  that  have  been  confronting  the  Bureau  for  several  years 
and  have  become  more  acute  each  year.  Prompt  and  radical 
measures  are  now  imperatively  demanded  if  complete  disorganiza- 
tion of  the  force  is  to  be  obviated. 
Respectfully  submitted. 

H.  M.  Smith, 
Comrrmdoner  of  Fisheries. 
To  Hon.  J.  W.  Alexander, 

Secretary  of  Commerce. 
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THE  FISHERIES  BIOLOGICAL  STATION  AT  FAIRPORT,  IOWA. 


By  R.  £.  CoKEn,AB9i$tarU  in  Charge  o/Scimtific  Inquiry, 
U,  S,  Bureau  of  F%9herie8, 


HISTORY  AND  FUWCTIOWS. 

Tlie  Fairport  station  was  established  by  act  of  Congress  in  1908. 
Its  construction  was  begun  in  1909,  and  with  temporary  equipment 
it  began  operations  in  June,  1910.  The  old  laboratory,  a  frame 
structure  of  approximately  the  same  dimensions  as  ziie  present 
fireproof  building,  was  constructed  in  1912  and  1913.  At  the  formal 
dedication  of  the  building  on  August  4,  1914,  unusual  public  interest 
was  manifested  by  the  attendance  of  5,000  persons  and  by  the  con- 
gratulatory addresses  delivered  by  men  of  prominence  in  public  life 
and  by  scientific  men  of  established  repute.  This  building  was 
unfortunately  destroyed  by  fire  on  December  20,  1917.  ^  The  office 
furniture  and  files  and  such  scientific  records  as  were  retained  in  the 
office  in  original  or  duplicate  form  were  saved;  but  records  embodying 
results  of  t^ous  investigations  were  lost,  together  with  the  scientific 
equipment.  A  chief  loss  was  the  library,  wiich,  though  not  large, 
included  a  rare  collection  of  separate  papers  and  monograpns,  particu- ' 
larhr  such  as  related  to  fresh-water  mussels  of  America  and  Europe. 

Fortunately,  the  station  comprised  a  great  deal  more  than  the 
laboratory  building.  The  ponds  and  water  system  remained  intact. 
TTie  personnel  of  the  station  adapted  itself  readiljr  to  the  changed 
conditions,  and  the  important  scientific  and  administrative  work  of 
the  station  was  promptly  resumed  in  the  cramped  quarters  afforded 
by  the  old  '^  temporary  laboratory,"  a  small  one-story  building  just 
below  the  railroad^  which  had  served  a  similar  purpose  in  the  first 
years  of  the  station's  history.  For  nearly  three  years  valuable 
scientific  work  was  carried  on  in  these  poor  quarters,  both  by  the 
permanent  scientific  staff  and  by  a  limited  number  of  specialists  in 
temporary  association  with  the  bureau— rmen  and  women  to  whom 
personal  convenience  or  comfort  was  ^apondary  to  the  achievement 
of  the  objects  to  which  the  station  was  dedicated. 

An  appropriation  of  $80,000  was  promptly  made  by  Congress  for 
the  erection  of  a  new  and  fireproof  building.  This,  supplemented  by 
two  small  additional  appropriations,  made  it  possible  to  build  and 
partially  to  equip  the  present  admirable  buildiiiyg  of  brick,  stone,  and 
concrete.  Experience  gained  during  the  occupancy  of  the  old 
building,  the  resourcefumess  and  skill  of  the  architect,^  and  the  good 
spirit  manifested  by  the  constructing  company,  all  combined  to  make 
tne  new  building  superior  in  available  space,  convenience,  and 
serviceability,  ana  an  exceptional  value  in  proportion  to  cost. 

1  Prof.  James  M.  White,  profesMr  of  architecture  and  supervising  architeo!t  of  the  Unlyerslty  of  Illinois. 
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After  unavoidable  delays  arising  from  the  conditions  of  national 
emergency,  the  new  laboratory  was  completed  and  occupied  in 
August,  1920.  Again  there  was  a  demand  upon  the  Bureau  for  the 
observance  of  exercises  of  dedication,  and  these  were  set  for  October 
7,  in  connection  with  a  Conference  Regarding  the  Application  of 
Science  to  the  UtiUzation  and  Preservation  of  the  Resources  of  our 
Interior  Waters  (October  7  and  8).  The  occasion  was  made  impres- 
sive, helpful,  and  inspiring  through  the  whole-hearted  cooperation  of 
representatives  of  the  Grovemment,  business  men,  and  scientists  from 
the  leading  American  universities.  Recognition  of  the  national 
significance  of  this  biological  station  for  investigation  of  problems  of 
fresh  waters  was  attested  by  the  presence  of  delegates  from  22  uni- 
versities and  colleges  and  from  two  independent  scientific  ors^aniza- 
tions,  representing  14  States,  from  Calif omia  on  tiie  west  to  Massa- 
chusetts on  the  east,  from  Oklahoma  and  Florida  on  tlie  south  to 
Wisconsin  and  Michigan  on  the  north. 

The  station  serves  as  a  base  of  operations  for  a  large  part  of  the 
scientific  work  of  the  Bureau  of  Fisheries  in  the  Mississippi  Basin. 
A  primary  activity  is  the  propagation  of  pearly  fresh-water  mussels; 
but  not  less  significant  are  its  functions  in  experimental  fish  culture , 
in  investigations  of  various  fresh-water  fishery  problems,  and  in 
promotiujg  both  a  fuller  utilization  of  aquatic  products  and  a  broader 
mterest  in  the  protection  of  aquatic  resources,  in  order  that  the 
future,  as  well  as  the  present,  may  be  properly  served. 

Through  field  parties  the  activities  of  the  station  have  been  ex- 
tended into  most  of  the  States  of  the  Mississippi  Basin,  and  the  results 
of  work  done  go  much  further  than  the  localities  in  which  operations 
.  are  conductecL  The  benefits  of  service  to  the  mussel  industries  are 
felt  not  only  where  mussel  fishing,  or  clamming,  is  practiced,  but 
wherever  mussels  are  manufactured  into  the  miished  products  of 
commerce — in  New  York  and  Massachusetts,  as  well  as  in  Wisconsin 
and  Iowa;  they  are  experienced,  too,  though  unconsciously,  by  aU 
who  are  consumers  or  utilizers  of  buttons.  The  demonstration  at 
Fairport  of  the  f easibihty  of  propagating  the  channd  catfish  in  ponds 
can  be  made  useful  for  the  increase  of  food  supplj  in  otiber  parts  of  the 
United  States.  The  propagation  and  distribution  of  some  hundreds 
of  millions  of  buJSalonsh  fry  in  public  waters  each  year  is  tibe  direct 
result  of  experiments  origmally  conducted  at  the  Fairport  station. 
The  broader  utihzation  of  fishes  formerly  considered  "coarse"  or 
useless  is  in  part  the  result  of  practical  experiments  in  smoking  fish, 
conducted  during  several  years  at  this  station.  The  varied  services 
of  the  station  will  be  described  and  illustrated  more  fully  in  later 
pages. 

PERSONIVEL  AND  EQUIPMEIVT. 

Eveiy  station  of  the  Bureau  is  regarded  as  an  agency  throudi  which 
as  complete  a  public  service  is  to  be  rendered  as  conditions  afiow,  but 
it  is  evident  that  the  Fairport  station  combines  in  a  somewhat  unique 
way  the  functions  of  a  fisheries  biological  station  and  a  fish-cultural 
experiment  station.  This  it  does  because  of  the  provisions  of  person- 
nel and  equipment  authorized  bjr  the  Congress  and  because  of  the 
conditions  otits  location  and  origin. 

There  is  iittached  to  the  station  a  small  permanent  staff  of  scien- 
tists, fish-culturists,  and  other  employees  necessary  for  continuous 
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operation  and  uninterrupted  experimental  work.  During  some  parts 
oi  the  year,  as  may  be  desirable  and  practicable,  the  personnel 
responsible  to  this  laboratory  is  much  enlarged.  The  temporary 
associates  or  employees,  comprising  investigators  skilled  in  special 
lines,  scientific  assistants,  practicsl  fishermen,  or  others,  msike  it 
possible  not  oolj^  to  increase  the  effectiveness  of  the  station,  but  to 
Droaden  the  territory  of  its  operations. 

About  60  acres  of  mnd,  extendii^ftom'  the  bankd  of  tiiie  Mississippi, 
on  a  two-fifths  of  a  mile  front,  to  the  brpw  of  a  hill  a^  qilarter  oi  a 
mile  back,  affocd  ample  space  for  the  distribution  of  ix)nds  and  the 
suitable  location  of  puildmgs.  The  slop^  of  the  ground  is  such  as 
to  assure  proper  drainage  and  to  make  it  feasible  to  have  a  gravity 
flow  of  water  from  the  storage  reservoirs,  located  on  or  beneath  the 
ground  at  suitable  elevations,  to  the  ponos  and  buildings. 

There  are  in  all  36  ponds,  14  of  which  are  small  and  made  of  con- 
crete, and  22  of  which  are  dug  out  of  the  eai'th,  simulating  the  condi- 
tioDS  of  natural  ponds  and  varying  in  area  from  one-texltn  of  an  acre 
to  an  acre  or  more.  There  ere  two  ^vrater  systjBms,  the  natural  river 
water,  pumped  into  a  large  storage  reservoir  and  flowing  thence  to 
the  several  ponds,  and  filtered  river  water  which  is  storedin  low  and 
hkrh  pressure  cisterns  and  used  for  domestic  and  laboratory  purposes. 
There  is  also  a  complete  imderground  sewage  and  drainage  system, 
which  conveys  the  waste  water  and  seWage  mto  the  river  well  below 
the  source  of  supply. 

The  buildings  comprise  a  main  laboratory  building,  a  small  tank 
house,  a  boiler  and  pump  house,  a  boat  and  seine  shM,  a  storehouse 
and  carpenter  shopi  a  small  shell-testing  shop,  and  otner  necessary 
living  houses  and  outbuildings.  In  some  of  these  will  be  found 
pumping  machinery  for  the  two  water-supply  systems,  machinery 
for  cutting  and  finishing  buttons  in  testing  work,  and  such  shop  and 
field  tociB  as  are  necessary  to  make  the  station  as  nearly  self-contained 
as  practicable. 

Tlie  principal  building,  of  concrete,  stone,  and  brick,  with  ground 
dimensions  of  approximately  100  bv  55  feet,  has  a  fuUy  miished 
basement  besides  two  full  stories  and  a  finished  third  storv  over  the 
center  and  larger  portion  of  the  building.  The  present  laboratory 
accommodations  for  16  investigators  can  be  extended  by  conversion 
of  other  rooms  into  laboratones.  A  well-lighted  Ubrary,  chemical 
laboratory,  photographic  room,  museum,  tai^,  and  aquarium  rooms 
are  features  of  tiie  building  essential  to  the  efficient  accomplishment 
of  biological  and  chemiciJ  investigations  of  fishery  problems.  To 
afford  necessary  accommodations  for  temporary  investigators  at 
certain  seasons,  there  are  provided  also,  a  kitch^,  a  dining  room, 
and  a  number  of  bed  chambers  which  may  be  converted  into  labora- 
tories as  required.    The  building  is  lighted  by  electricity. 

SERVICE  RENDERED. 

WHAT  IS  DONE  FOB  MUSSEL  INDUSTBIES. 

The  services  of  the  Fairport  station  to  the  pearly  mussel  industries 
have  consisted  in  the  propagation  of  mussels,  the  survey  of  mussel 
resources,  the  investigation  of  mussel  problems,  and  the  promotion 
of  the  protection  of  mussels. 
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Vra.  L^The  bloloskwl  labontorj,  ground  floor  plan:  D,  im  box. 
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Fig.  2.^ The  biologioal  laboratory,  flxst  floor  plan:  A,  tank  table;  B,  ehomieal  hood;  G,  balanoe  alab. 
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TiQ.  3.~Tlie  bidOKioftl  Isboratoiy,  seeond  floor  plan:  A,  tank  table;  £,  linen  doeet. 
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Fio.  4.— The  biological  laboratory:  E,  linen  closet. 
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The  survey  of  resources  has  resulted  in  opening  new  fields,  and  it 
helps  also  to  furnish  the  necessary  basis  of  information  for  estimate 
of  the  perpetuity  of  the  resources,  for  the  adoption  of  intelligent 
protective  measures,  and  for  guidance  in  the  work  of  propagation. 
The  special  investigations  and  experimental  studies  have  led  to  im- 
provements in  memod  of  propagation  and  are  pointing  the  way  to 
further  improvements.  By  investigations  in  the  field  and  by  con- 
tinued observation  of  the  industries,  tiie  Bureau  has  arrived  at  a 
better  understanding  of  the  measures  necessary  for  effective  con- 
servation of  mussels;  and,  by  propaganda,  correspondence,  publica- 
tions, and  personal  conferences,  it  nas  been  enabled  to  stimulate 
more  ^neral  interest  in  the  subject  and  to  cooperate  with  State 
authonties  and  others  in  the  framing  of  suitable  protective  measures. 

The  enactment  and  enforcement  of  such  measures  must  be  left 
to  the  several  States,  but  a  commendable  interest  has  been  shown 
in  some  States,  and  a  beginning  has  been  made,  notably  in  Wisconsin 
and  Minnesota. 

Mussel  propagation  is  carried  on  by  field  parties  engaged  at  various 
places  on  important  rivers.  Fishes  are  seined  from  the  rivers  or 
from  overflow  waters,  are  infected  with  the  glochidia  (the  larval 
forms  of  mussels)  and  then  liberated,  again  in  the  public  waters. 

The  methods  of  propagation  are  based  upon  a  peculiar  feature  of 
the  normal  course  oi  development  of  fresh-water  mussels.  The 
very  young  fresh-water  mussels,  with  rare  exception,  when  first 
liberated  from  the  incubation  pouches  of  the  parent,  must  become 
parasitic  upon  fish  in  order  to  pass  through  the  next  stage  of  their 
existence.  To  this  end,  if  the  chance  oners  after  liberation,  the 
young  mussels,  or  glochidia  as  they  are  called  in  this  stage,  attach 
themselves  to  the  gills,  fins,  or  scales  of  a  fish.  The  mussels  of 
economic  importance  attach  themselves  almost  exclusively  to  the 
gills.  In  attaching,  or  biting  on  the  fish,  a  very  slight  wound  seems 
to  be  caused,  whidi  be^gins  at  once  to  heal  over;  but,  in  the  process 
of  mending,  the  glochidium  is  overgrown  and  thus  inclosed  within 
the  tissues  of  the  fish.  The  mussd  is  now  actually  an  internal 
parasite,  in  which  condition  it  remains  for  a  period  of  two  weeks, 
more  or  less.  It  is  thus  conveyed  wherever  the  fish  goes,  until, 
when  the  proper  stage  of  development  is  reached,  it  frees  itself  from 
the  host  and!^  falls  to  the  bottom;  if,  through  favorable  fortune,  it 
finds  suitable  lodgment,  it  continues  its  growth  to  form  an  adult 
mussel. 

The  glochidia  are  so  small  that  the  infection,  if  not  excessive,  has 
no  apparent  injurious  effect  upon  the  fish  that  serves  as  host.  In- 
vestigations by  the  station  have  shown  that  mussels  do  not  attach 
to  fisn  indiscriminately,  but  that  for  each  species  of  mussel  there  is 
a  limited  number  of  species  of  fish  which  may  serve  as  hosts. 

The  task  of  propagation  is  to  bring  together  suitable  fiish  and  the 
glochidia  of  mussels.  Careful  studies  of  natural  and  artificial  in- 
fections show  that  a  moderate-sized  fish  may  successfully  carry  in 
parasitism  from  1,000  to  2,000  of  the  microscopic  glocnidia,  but 
that  under  the  chance  operation  of  nature  few  of^  the  glochidia  find 
loctenent  upon  the  proper  fish  or  upon  any  fish. 

During  tne  fiscal  year  1920,  in  round  numbers,  183  million  glo- 
chidia were  Uberated  in  parasitic  condition.  A  considerable  pro- 
portion of  these  glochidia  imdoubtedly  fall  upon  unfavorable  groimd 
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FIG.  1.— PONDS  FOR  EXPERIMENT  WORK. 

£arth-waUed  ponds  of  various  sites  and  forms  present  natural  conditions  such  as  may  be  repro- 
duced on  the  farm.  Small  concrete-lined  ponds  servo  the  needs  of  special  experiments.  Hoth 
fisb  and  mussels  are  reared  here. 


FIG.  2.— TROUGHS  FOR  REARING  MUSSELS. 

In  troughs  supplied  with  naturally  clarified  water  flowing  from  near  the  surface  of  one  of  the 
ponds,  the  best  conditions  have  been  found  for  rearing  several  species  of  fresh-water  mujisels. 
As  is  the  fortune  of  experimental  work,  success  has  been  variable,  but  a  single  trough  may  pro- 
duce in  one  season  more  than  2,0OG  young  mussels  one-fourih  to  one-half  incn  in  length. 
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Plate  III. 


FIG.  1.— PONDS  FOR  FISH-CULTURAL  EXPERIMENT  WORK. 

Part  of  the  equipment  used  for  flsh-cultuial  experiment  work.  In  these  ponds  we  learn  how 
to  rear  buifalonsh  and  catfish,  and  how  to  make  ponds  more  productive  or  black  bass,  bream, 
and  other  esteemed  game  fishes.    Mussel  culture,  too,  is  practised  in  these  ponds. 


"iJ// 


FIG.  2.— A  SIMPLE  FISHPOND. 

This  pond,  a  quarter  of  an  acre  in  extent,  simulates  the  natural  conditions  of  a  farm  pond 
receiving  minimum  attontion.  Being  stocked  with  generally  esteemed  fishes,  it  is  intended  to 
answer  tho  question:  What  will  a  small  pond  yield  without  special  attention? 
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or  fail  from  other  causes  to  reach  maturity.  However,  it  is  the 
large  number  which  can  be  infected  on  fish  and  liberated  at  small 
expense  that  justifies  a  confidence  in  the  accomplishment  of  com- 
mensurate benefits.  The  average  cost  per  1,000  glochidia  artifi- 
cially infected  on  fish  in  the  fisc^  year  1920  was  less  than  6  cents, 
inclusive  of  overhead  expenses. 

Some  of  the  streams  m  which  this  work  has  been  carried  on  are 
the  Mississippi  River,  at  various  points,  the  Ohio  and  Cumberland 
Rivers,  the  Wabash  Kiver  in  Indiana,  and  the  White  and  Black 
Rivers  of  Arkansas. 

In  connection  with  the  propagation  of  mussels,  many  fishes  are 
rescued  from  land-locked  ponds  and  restored  to  the  rivers.  In 
this  way,  during  the  fiscal  year  1920,  36,442  adult  and  871,553 
fingeiling  fish  were  preserved  from  probable  death  by  suffocation 
wim  the  drying  up  of  the  temporary  ponds,  and  this  benefit  was 
accomplished  practically  without  expense  additional  to  that  neces- 
sarily mcurrea  for  the  propagation  of  mussels.  ^ 

WHAT  IS  DONS   FOB  USH   CULTUBE. 

The  services  of  agricultural  and  experimental  stations  to  the 
former  are  so  well  understood  that  large  appropriations  are  annually 
made  by  the  Federal  (xovemment  ana  by  every  State  in  order  that 
there  may  be  conducted  the  various  sorts  of  investigations  and  ex- 
periments that  are  necessary  to  assist  the  farmer  in  producing  larger 
and  better  crops  with  the  greatest  degree  of  economy.  It  is  like* 
wise  important  that  studies  and  experiments  be  carried  on  to  in- 
crease tne  productiveness  of  streams  and  lakes  and  ponds.  The 
grower  of  fishes  is  even  more  dependent  than  the  land  farmer  upon 
gaidance  from  governmental  experiments.  A  wheat  grower  or  a 
cattle  raiser  has  some  chance  to  try  out  various  methods  and  ascer- 
tain the  effects  by  watching  the  growth  of  his  crops  or  of  his  stock. 
The  fish  farmer,  on  the  other  hand,  may  try  different  methods,  but 
he  can  not  see  how  they  work.  Furthermore,  nearly  all  oi  our 
water  areas  are  under  public  and  not  private  ownership  and  control, 
and  only  the  public  is  justified  in  expenditures  for  experimental 
work. 

Nearly  all  that  we  know  of  fish  culture  in  America  has  been  learned 
in  connection  with  practical  fiush-cultural  stations,  where,  since  the 
establishment  of  the  United  States  Fish  Conmiission  50  years  ago, 
many  experiments  have  been  carried  out.  The  accumulated  experi- 
ence of  keen  and  observant  fish-culturists  is  of  inestimable  value: 
yet  it  should  be  pointed  out  that  the  function  of  a  fish-cultural 
station  is  to  produce  as  large  as  possible  an  output  of  fry  or  fingerling 
fish  to  be  distributed  in  various  waters  where  others  must  assume  the 
responsibility  for  bringing  the  fish  to  maturity.  It  is  not  the  pur- 
pose of  such  stations  to  work  out  by  tedious  Experimentation  and 
careful  studies  the  conditions  necessary  to  make  individual  ponds  as 
productive  as  possible  for  market  fish.  As  yet  no  other  station  of  the 
Federal  Govenunent  than  Fairport  has  been  designed  to  serve  this 
function. 

I  the  flrvt  half  of  the  fiscal  year  1921,  through  the  cooperation  of  the  NatioDal  Association  of 
snuiMtQren,  more  than  5  million  fishes  taken  in  the  Bureau's  rescue  work  along  the  Upper 
\  River  have  been  infected  with  muasels  and  liberated. 
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A  few  years  ago  no  catfish  except  the  small  bullheads  had  been 
successfuDy  propagated,  although  attempts  to  breed  them  in  ponds 
had  repeatedly  been  made.  Having  at  Fairport  the  facilities  and  the 
personnel  for  continuous  fish-cultural  experiments,  the  channd  cat, 
or  common  spotted  catfish,  the  most  favored  of  the  tribe,  was  chosen 
as  one  of  the  fishes  for  experiment.  Success  was  not  attained  in  the 
first  two  or  three  years,  but  finally  the  right  thing  was  done,  and  the 
propagation  of  the  fish  was  found  to  be  practicable.  The  methods 
may  be  and  should  be  improved,  but  the  results  obtained  can  now  be 
made  useful  for  the  promotion  of  fish  culture  and  increase  of  food 
supply. 

All  attempts  at  artificial  propagation  of  the  buffalofish  yielded 
most  discouraging  results  until  this  station  by  properly  conducted 
experiment  demonstrated  its  entire  feasibility  and  thus  made  a  par- 
ticularly valuable  contribution  to  fish  culture.  The  bufPalofish  are 
large  species  of  commercial  fish,  in  good  esteem,  formerly  abundant  in 
the  principal  rivers  of  the  Mississippi  Basin,  but  of  late  years  dimin- 
ishing in  numbers.  The  hatching  of  the  eggs  of  bufPalofish  by  arti- 
ficial means  with  the  subsequent  liberation  of  the  fry  or  fingening  is 
now  shown  to  be  practicable,  and  it  has  been  put  into  practice  on  a 
large  scale  througn  the  fish-cultural  stations  of  the  Bureau.  There 
are  in  progress  at  Fairport  further  experiments  to  determine  if  this 
fish  may  be  successfully  grown  in  properly  controlled  ponds. 

Other  experiments  at  this  station  relate  to  the  growing  of  game 
fishes  in  ponds.  Incidental  to  the  experiment  work,  a  considerable 
number  of  fish  of  several  species  are  propagated  each  year  and  planted 
in  the  Mississippi  River. 

The  task  offish  culture  is  only  begun  when  the  fry  or  fingerlin^ 
fish  are  produced  and  placed  in  ponds.  The  success  of  the  pond 
depends  upon  the  rate  of  growth  of  the  fish  and  the  proportion  of  the 
original  stock  which  survives.  The  poultry  raiser  does  not  overrate 
his  accomplishment  when  several  thousand  young  chickens  are 
transferred  from  brooders  to  yards.  His  success  or  failure  is  meas- 
ured when  the  chickens  are  ready  for  market,  by  their  number, 
weight,  and  quality.  If  fishes  are  to  be  grown  successfully  in  ponds, 
it  is  necessary  to  know  upon  what  they  feed  and  how  this  food  is 
maintained  in  the  pond,  and  what  other  conditions  are  favorable  or 
unfavorable  to  the  survival  and  growth  of  the  fish. 

Let  us  again  find  a  partial  analogy  in  the  rearing  of  farm  animals. 
Is  the  farmer  concerned  only  with  ms  cattle,  or  does  he  in  the  selec- 
tion, the  preparation,  and  the  conduct  of  his  farm,  give  thought  to 
the  growing  of  pasture  plants  and  hay  grain  foods  ?  Can  he  ignore 
the  parasites  wnich  cause  disease  or  weakness  among  his  animals; 
Would  he  not  be  stupid  to  overlook  the  insects  or  plant  rusts  that  may 
sweep  his  pastures  or  crop  fields  bare  ?  Evidently  the  stock  farm  is 
a  good  deal  more  than  an  abiding  place  for  large  and  useful  animals: 
it  is  a  complex  association  of  cattle,  plants,  insects,  birds,  worms,  soil 
bacteria,  and  what  eke,  not  to  mention  such  inanimate  things  as  soil 
chemicals,  water,  and  air.  The  fish  pond  or  the  fish  stream  is  just  as 
much  a  complex — ^more  of  one,  it  must  be  thought,  because,  tlfoughthe 
air  on  the  land  farm  is  ever-present  in  unlimited  quantities,  the  air  in 
the  water  farm  is  limited  and  variable.  Suffocation  of  the  cow  in  the 
pasture  is  never  feared,  but  partial  or  complete  suffocation  of  fish  is 
a  frequent  reality.    Furthermore,  the  movements  of  fish  are  often 
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governed  by  distribution  of  air  or  waste  gases  in  the  water,  and  the 
quantity  of  animal  life  in  the  pond  is  linuted  by  the  supply  of  dissolved 


Since  the  air  supply  of  fish,  without  which  they  can  not  live,  varies 
both  seasonably  and  irregularly,  the  investigators  must  study  the 
conditions  of  occurrence  and  distribution  of  gases  in  ponds  and 
streams  that  we  may  learn  what  is  favorable  and  what  is  unfavorable 
to  the  best  conditions  of  gas  content  and  thus  to  productivity  of 
useful  animals. 

Since  the  air  and  the  chemicals  of  water  and  soil  are  brought  to 
the  fish  through  the  intermediation  of  small  plants,  small  floating 
animals,  creepmg  insects,  and  other  things,  these  must  all  be  carefully 
considered  in  their  relation  to  fish  culture.  The  relations  are  com- 
plex and  the  investigators  must  concentrate  attention  in  different 
studies  upon  particular  animals  or  plants.  Some  of  the  investiga- 
tions so  lar  pursued  at  Fairport  relate  to  the  food  of  the  fishes  at 
various  stages  of  development,  the  kmds  of  plants  that  are  most 
suitable  ana  necessary  in  fish  ponds,  the  relations  of  certain  insect 
larvse  as  food  or  as  enemies  of  fish,  and  the  occurrence  of  parasites 
that  weaken  the  growing  fishes  and  cause  them  to  die  or  become  an 
easier  prey  to  enemies. 

OTHER   SEBVICES  TO   FISHEBIBS. 

A  good  deal  of  valuable  work  which  is  not  directly  related  to 
mussels  or  to  fish  culture  is  done  at  and  from  the  Fairport  station. 
A  few  typical  forms  of  service  may  be  cited. 

The  construction  of  the  dam  across  the  Mississippi  River,  about 
100  miles  below  Fairport,  at  Keokuk,  Iowa,  gave  opportunity  for  a 
comprehensive  investigation  of  the  effects  of  water-power  develop- 
ments upon  the  fisheries  of  large  rivers,  and  consideraole  information 
has  been  gained  as  the  result  <n  observations  continued  over  a  period 
of  several  years  at  Keokuk  and  at  various  points  both  above  and 
below. 

Chemical  studies  pursued  in  the  laboratory  have  been  directed 
to^vard  ascertaining  the  food  quaUties  of  some  aquatic  products  and 
possible  methods  of  improving  them. 

Studies  of  the  diseases  of  fishes,  the  causes  and  remedies,  have  been 
pursued.  It  has  been  learned  tiiat  the  slight  injuries  incidental  to 
the  handling  of  fibh  in  warm  weather,  particularly  in  rescuing  fishes 
from  overflow  waters,  often  lead  to  bacterial  infections  which  cause 
serious  mortalities.  Means  of  prophylaxis  are  being  devised  which 
noiay  be  simple  of  application  and  effective  in  materially  increasing 
the  effectiveness  of  rescue  operations  in  warm  weather. 

Somewhat  apart  from  the  ordinary  lines  of  activity  of  the  station^ 
but  corresponding  to  an  evident  need  existing  along  the  Mississippi 
River,  there  were  conducted  during  a  period  of  years  some  simple 
but  immediately  practical  experiments  in  smoking  the  common 
fishes  of  the  Miasissippi  River  which  had  no  particular  value  in  the 
fresh  state  and  which  brought  so  little  return  to  the  fishermen  that 
they  were  often  allowed  to  go  to  waste.  Some  of  these  were  occa- 
sionally smoked,  but  in  many  cases  the  smoking  was  so  carelessly 
or  ignorantly  done  that  the  product  was  inferior  in  taste  and  in  keemng 
qoiSity.    Others  were  thrown  away  or  sold  for  nearly  nothing.   The 
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result  of  the  experiments  at  Fairport  was  to  enable  the  Bureau  in  a 

Seriod  of  food  emergency  to  issue  a  printed  circxilar  describing  in 
etail  the  construction  of  a  simple  portable  smokehouse,  the  methods 
of  operation  for  different  fishes,  and  the  qualities  of  taste  imparted 
to  the  fish  by  several  sorts  of  fuel.  This  was  followed  almost  unme- 
diately  by  sending  out  demonstration  parties  along  principal  rivers 
and  even  along  the  seacoast.  proving  by  actual  test,  both  to  fisher- 
men and  to  housekeepers,  tnat  '^coarse"  or  '^useless"  fishes  could 
be  made  palatable  to  the  consumer  and  profitable  to  the  fishermen. 
This  was  a  simple  and  practical  thing  to  do,  but  it  required  some 
years  of  experimental  work,  as  opportunity  offered,  to  try  out  various 
fishes  by  varied  methods  and  to  learn  some  things  that  were  entirely 
unexpected. 

The  Fairport  station,  then,  as  a  special  agency  of  the  Bureau  of 
Fisheries,  adapts  its  services  within  reasonable  limits  to  the  varying 
needs  arising  within  its  sphere  of  action.  It  endeavors  to  bring  about 
a  broader  and  better  understanding  of  our  inland  waters  as  national 
resources — that  they  may  be  viewed  not  only  as  channels  of  surf  ace- 
water  drainage,  as  avenues  of  transportation,  or  as  convenient  and 
economical  sewers,  but  as  fields  for  the  continuous  production  of 
necessities  of  food  and  raiment.  It  has  set  before  it  the  task  of  dis- 
covering by  scientific  study  and  by  practical  experinaent  the  con- 
ditions of  preservation  and  mcrease  of  the  useful  life  of  inland  waters. 

Its  work  should  tend  to  disclose  what  degree  of  protection  is  neces- 
sary and  what  methods  are  feasible,  what  conditions  of  biological, 
chemical,  and  physical  environment  are  favorable  for  increased  pro- 
duction of  fish  and  other  aquatic  animals,  and  what  measures  may 
be  taken  to  improve  the  environments  in  ponds,  lakes,  and  streams. 

The  objective,  let  us  say,  is  the  prevention  oi  the  continued  deple- 
tion of  our  aquatic  resources,  and  the  bringing  of  all  interior  waters 
to  a  condition  of  greatest  fruitfulness.  The  wav  may  be  long  and 
beset  with  obstacles,  and  success  can  be  attained  but  gradually  and 
by  means  of  persistent  effort  and  painstaking  study.  As  we  have 
indicated,  some  small  milestones  ox  progress  have  been  passed,  but 
it  must  be  evident  to  aU  that  the  main  task  is  for  the  future  and  that 
it  is  big  enough  and  sufficiently  complex  and  offers  a  degree  of  promise 
not  only  to  justify  the  best  efforts  of  the  station,  but  to  emist  the 
cooperation  of  all  those  having  opportunity  and  interest  to  render 
public  service  through  attention  to  the  resources  of  interior  waters. 
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By  R.  E.  CoKEB, 
Assistant  in  Charge, 


INTRODUCTION. 

There  are  times  when  it  is  worth  while  to  inquire  somewhat  search- 
inglj  into  the  value  of  the  varied  activities  of  the  Federal  Govern- 
ment, to  ask  what  good  purposes  are  to  be  served  through  a  particular 
governmental  function.  Clearly,  such  a  time  is  upon  us  now,  and  it 
IS  appropriate,  therefore,  to  prefix  this  report  of  progress  with  a 
brier  statement  suggestive  of  the  purj)oses  which  the  Bureau  of  Fish- 
eries attempts  to  serve  through  the  Division  of  Scientific  Inquiry. 

The  direct  and  practical  relation  of  scientific  studies  to  the  fishery 
industries  is  not  always  clearly  understood.  A  successful  industrial 
establishment  depends  no  less  upon  the  maintenance  of  the  source  of 
supply  than  upon  the  marketing  of  its  product..  The  Division  of 
Scientific  Inquiry  stands  with  reference  to  the  fishery  industries 
somewhat  in  the  same  relation  as  the  supply  department  to  a  manu- 
facturing concern:  It  does  not  produce  the  raw  materials,^*  but  it 
concerns  itself  with  the  problems  of  ultimate  sources,  of  judicious 
exploitation,  and  of  the  means  and  conditions  of  maintenance  or 
possible  increase  of  supplies. 

To  be  more  concrete,  an  oyster  industry  is  impossible  without 
oysters,  but  it  is  now  painfully  evident  to  all  concerned  that,  in 
northern  waters  at  least,  the  continuance  of  a  supply  of  oysters  de- 
pends upon  the  solution  of  problems  of  scientific  inquiry,  the  prob- 
lem, for  example,  of  the  conditions  of  securing  a  set.  The  salmon 
industry  ranks  among  the  very  first  in  the  fisheries  of  the  United 
States,  yet  in  most  waters  we  have  witnessed  a  gradual  decline  in  the 
abundance  of  salmon,  and  where  such  a  decline  is  not  manifest,  as  in 
the  Columbia  River,  it  is  universally  attributed  to  the  measures  of 
artificial  propagation.  The  Bureau  is  therefore  urged  to  investigate 
the  conditions  of  success  in  maintaining  the  desired  runs  by  artifi- 
cial propagation,  and  to  furnish  that  knowledge  of  the  life  history 
and  migrations  of  salmon  without  which  they  can  not  be  successfully 
protected  and  conserved.  These  are  problems  of  scientific  inquiry. 
The  stock  of  whitfefishes  in  the  Great  Lakes  has  been  gradually  de- 
pleted, but  protective  measures  can  not  be  most  intelligently  de- 
vised and  enforced  without  knowledge  of  the  life  history,  habits, 

*  Tbat  In  this  case  Is  a  function  of  nature  as  assisted  by  flsh-cultural  operations. 
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and  moyements  of  the  fish,  and  this  can  be  Mined  only  by  the  skill- 
ful application  of  the  methods  of  science.  Nearly  all  persons  con- 
cerned in  the  great  shrimp  fisheries  recently  developed  off  the  South 
Atlantic  and  Gulf  Coasts  view  with  concern  the  future  maintenance 
of  the  supply.  Can  the  shrimp  be  wisely  protected  or  most  judi- 
ciously exploited  while  we  do  not  know  when  or  where  it  breeds  ox 
why  it  appears  here  or  there  in  greater  or  lesser  abundance  ?  Clearly 
scientific  studies  have  a  very  practical  relation  to  the  perpetuation  oi 
such  a  fishery. 

Beyond  a  aoubt,  there  is  no  one  connected  with  the  fishing  industries 
who  believes,  with  reference  to  the  majority  of  the  existing  fisheries, 
that  any  of  them  will  maintain  its  present  importance  in  future  time, 
except  as  the  resources  upon  which  it  is  based  may  be  conserved  bv 
sensible  measures  of  protection.  And  certainly  no  one  concerned  witfi 
the  determination  of  protective  measures  would  hesitate  to  say  that 
we  must  know  the  fish  (or  shellfish)  and  its  manner  and  conditions 
of  life  if  we  would  successfully  protect  it. 

It  is,  then,  of  direct  and  not  indirect  importance,  of  practical  and 
not  theoretical  significance  to  the  fisheries  that  we  should  study  the 
fish  and  attempt  to  solve  some  of  the  many  problems  upon  which 
depend  the  perpetuation  of  the  resources  and  tne  development  of  the 
industries.  The  industries  are  founded  absolutely  upon  tne  resources. 
The  maintenance  of  the  resources  is  conditioned  upon  the  results  of 
scientific  inquiry.  How  shall  depletion  be  prevented?  To  what  ex- 
tent can  utilization  be  carried?  What  are  the  possibilities  of  propa- 
fation,  the  conditions,  the  results?  What  are  the  methods  and  con- 
itions  of  protection?  How  can  the  natural  environment  be  im- 
proved? How  can  disease  be  combated  or  unfavorable  conditions  of 
environment  be  changed?  It  is  such  questions  as  these  that  scientific 
inquiry  must  answer.  The  very  statement  of  the  purposes  to  be 
served  renders  unnecessary  the  presentation  of  argument  for  their 
pursuit.  The  merit  of  the  service  performed  can  best  be  determined 
from  the  report  of  its  progress  that  follows,  allowing,  as  one  must, 
for  the  varied  geographic  and  industrial  interests  to  be  served. 

The  Bureau  does  not,  of  course,  fulfill  all  of  its  fimctions  in  scien- 
tific inquiry  at  any  given  time,  but  this  report  will  serve  to  indicate 
the  present  scope  of  work,  as  well  as  the  progress  that  is  being  made. 
It  may  be  remarked  finally  that  the  activities  of  the  fiscal  year  just 
closed  were  reduced  as  compared  with  that  of  previous  years,  and 
that  further  reduction  will  mark  the  year  next  to  come,  due  to  the 
loss  in  course  of  the  last  year  of  not  a  few  of  the  men  who  con- 
tributed to  the  accomplishment  of  the  year's  work.  What  has  been 
done  is  due  to  the  loyal  and  efficient  services  of  men  who  have  labored 
without  stint  under  conditions  of  discouragement.  Acknowledg- 
ment is  due  no  less  to  those  who  have  left  only  under  the  impulsion 
of  circumstances  than  to  those  who  have  found  it  possible  to  continue 
in  service. 

STUDIES    OF    FISHES. 
ANATOMY  OF  THE  SALMONS  IN  RELATION  TO  FISH  CULTURE. 

^  From  time  to  time  the  Bureau  has  had  reports  of  abnormal  condi- 
tions of  brood  fish  at  its  trout  stations,  such  as  the  sterility  of  brood 
fish  which  have  been  used  for  several  years.    These  conditions  do  not 
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keep  the  hatcheries  from  having  success  in  propagating  fish,  but  they 
do  make  the  output  less  and  the  cost  more.  They  involve  waste,  and 
it  will  pay,  therefore,  to  find  and  remove  the  cause.  It  has  always 
been  supposed  and  was  seemingly  established  by  published  descrip- 
tions that  the  eggs  of  salmonidse  are  passed  into  the  abdominal  cavity 
and  thence  discharged.  Kecently  Dr.  W.  C.  Kendall,  scientific  as- 
sistant, as  the  resiut  of  anatomical  researches,  discovered  that  the 
published  descriptions  were  wrong  as  referring  to  the  several  species 
which  have  come  under  observation.  He  has  found  that  the  mem- 
brane by  which  the  ovary  is  suspended  enfolds  it  in  such  a  manner 
that  the  mature  eggs  do  not  normally  fall  into  the  abdominal  cavity 
but  pass  along  a  sort  of  trough  formed  by  a  continuation  of  the  sus- 
pending and  enfolding  membrane  of  each  ovary,  which  extends  to  a 
point  not  far  from  tne  outlet,  where  the  two  unite  into  a  single 
trough  attached  to  the  upper  surface  of  the  intestine.  It  is  also  ap- 
parent from  the  conditions  discovered  that  eggs  which  escape  into  the 
body  cavity  could  not  in  any  conceivably  normal  way  be  subsequently 
discharged.  The  escape  of  eggs  into  the  abdominal  chamber  is  then 
abnormal,  and  the  common  observation  of  eg^  in  this  space  wlay  be 
presumed  to  result  from  the  improper  handling  of  fish  in  artificial 
spawning  operations  or  in  preparation  for  dissection. 

It  was  suspected  that  the  bad  condition  of  brood  trout  at  some 
fish-cultural  stations  may  have  been  due  to  rough  or  careless  handling 
(luring  spawn  taking.  Examination  of  specimens  sent  in  from  sev- 
eral stations  strengthened  this  suspicion.  Dr.  Kendall  then  pro- 
ceeded to  visit  a  fish-cultural  station,  observe  carefully  the  operations 
of  spawn  taking,  and  make  immediate  examinations  of  the  fish.  The 
results  of  the  observations  made  at  one  of  the  best  stations,  taken 
in  connection  with  the  studies  just  mentioned,  indicate  that  the 
abnormal  conditions  referred  to  were  probably  due,  not  so  much  to 
careless  spawn  takers  as  to  wrong  practices.  Improvements  in 
method  are  required,  though  additional  thought  and  study  seem  nec- 
essary before  explicit  directions  can  be  given. 

ATLANTIC   SMELTS. 

Dr.  W.  C.  Kendall,  with  the  aid  of  D.  R.  Crawford,  is  completing 
a  monograph  of  the  species  of  the  smelts  (Osmerus)  of  the  Atlantic 
coast  of  North  America.  The  smelts  are  abundant  and  widely  dis- 
tributed fish  of  small  size,  which  are  of  value  not  only  in  the  markets, 
but  also  in  the  water  as  a  source  of  food  for  game  and  food  fish 
of  larger  size.  The  studies  pertain  to  the  geographical  distribution, 
life  history,  growth,  habits,  habitats,  and  importance,  and  to  the 
conditions  of  conservation  both  of  the  marine  and  the  fresh-water 
smelts.  Particular  attention  is  given  to  those  of  New  England  and 
to  the  "  ice  fish  "  of  Lake  Champlain.  There  are  indications  of  local 
J^cesof  marine  smelts,  and  some  fresh  waters  appear  to  be  inhabited 
^ach  by  a  race  or  species,  distinct  not  only  from  the  marine  smelt  but 
?lso  from  smelts  or  other  fresh  waters.  The  variation  in  size  attained 
iii  some  of  the  fresh  waters  of  Maine  is  remarkable.  Some  lakes  are 
inhabited  by  two  distinct  sizes  of  mature  smelts,  each  having  well- 
J^fined  breeding  seasons  and  subsisting  upon  different  kinds  oi  food. 
AH  one  lake  the  minimum  size  of  the  small  smelt  when  mature  is 
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about  1^  inches  and  the  maximum  size  of  the  large  smelt  4  inch^, 
while  in  another  the  minimum  size  of  the  small  form  at  maturity  is 
about  4  inches  and  the  maximum  size  of  the  large  form  15f  inches. 
We  have  to  do,  it  seemS,  either  with  different  species  or  with  distinct 
races;  that  is  to  be  determined  later. 

DETERMINATION  OF  SPECIES  AND  RELATIONSHIPS  IN  THE  SALMON 

FAMILY. 

One  of  the  obstacles  to  the  best  success  in  fish-cultural  work  is  the 
great  difficulty  of  distinguishing  positively  the  species  of  trouts  and 
salmon.  To  obtain  the  desired  results  in  propagation  and  distribu- 
tion of  fish,  it  is  necessary  to  know  beyond  a  doubt  what  species  is 
bein^  propagated  and  planted,  as  well  as  what  kinds  are  native  to 
certain  waters,  and  what  have  previously  been  introduced.  Never- 
theless there  still  exist  amon^  sportsmen,  fish-culturists,  and  scientists 
varying  and  conflicting  opinions  regarding  the  identity  and  relation- 
ships of  the  species  of  Salmonidae,  notably  in  the  case  of  the  steel- 
head  and  rainbow  J  fish  which  are  extensively  propagated  by  Federal 
and  State  hatcheries. 

The  difficulty  lies  solely  in  the  fact  that  sufficient  technical  work 
has  not  been  done  upon  the  structural  examination  and  comparison 
of  such  fish  in  numbers  and  from  varying  localities.  The  bureau 
has,  therefore,  encouraged  the  prosecution  of  a  thorough  and  critical 
study  of  the  structure  and  relationships  of  the  members  of  the  im- 
portant salmon  family. 

Dr.  W.  C.  Kendall,  scientific  assistant  and  ichthyologist,  has  given 
much  attention  to  the  osteology  (bony  structure)  of  salmon,  trout, 
and  related  fishes,  which,  with  studies  of  scales,  proves  of  much  value 
in  the  determination  of  families,  genera,  and  species.  While  verify- 
ing many  of  the  statements  of  others,  some  new  facts  have  been 
discovered.** 

A  paper  which  is  in  preparation,  based  upon  a  study  of  trout  from 
various  regions  of  the  West  and  upon  geological  considerations,  pre- 
sents a  scheme  of  origin  and  distribution  of  the  trouts  which  offers  a 
plausible  explanation  of  their  present  distribution  and  throws  light 
upon  hitherto  obscure  problems  of  classification. 

Another  report  nearing  completion  is  believed  to  settle  the  much- 
discussed  question  of  the  specific  identity  or  distinctness  of  the  rain- 
bow and  steelhead  trouts.* 

•It  appears  that  the  salmons,  trouts,  and  chars  form  a  family  (Salmonids)  distinct 
from  the  whltoflshes  and  dscoes  (Coregonldje),  the  latter  being  based  upon  the  characters 
enunciated  by  Cope  and  given  by  later  writers  as  the  characters  of  a  sabxamily.  It  has  not 
yet  been  decided  whether  or  not  the  grayling  should  be  regarded  as  a  familv  (Thymal- 
ildffi,  GUI)  distinct  from  the  whiteflshes  (Coregonidse),  in  which  Regan  includes  them. 
The  separation  of  the  Pacific  coast  salmons  (Oncorhynchus)  from  the  genus  which 
embraces  the  Atlantic  salmon  and  rainbow  and  steelhead  trouts  is  definitely  confirmed. 
The  lake  trout  (Cristlvomer)  is  found  to  be  notably  different  from  the  orook  trout 
(Salvelinus).  The  smelt  family  (Osmeridse,  Regan)  should  also  stand  as  distinct  from  the 
Argentlnids.  The  pelvic  bones  of  Argentina  sUus  are  widely  different  from  any  other 
isospondylous  fish  examined. 

*  After  a  careful  study  of  the  fish  from  taxonomical,  anatomical,  and  distributional 
eridence  the  conclusion  is  reached  that  there  are  at  least  two  wild  forms  which  have  been 
confused  under  the  names  of  rainbow  and  steelhead  trouts.  One  is  predominantly  migra- 
tory (ascending  fresh  waters  from  the  sea),  the  other  predominantly  a  permanent  fresh- 
water Inhabitant.  The  name  Salmo  irideus  was  originally  bestowed  upon  a  small  steel- 
bend  form,  as  was  also  Salmo  rii>ularis.  There  is  absolutely  no  doubt  concerning  the 
proper  application  of  Salmo  gairdnerii  to  the  steelhead.  as  Richardson's  description  Is 
that  of  a  large  Columbia  River  fish  and  not  a  small  blueback  salmon  {OwyorhynchuH 
nerka),  as  one  writer  has  stated.     Contrary  to  current  descriptions,  the  steelhead  has 
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THE  WHITEFI8HES  AND  THEIB  RELATIVES. 

For  a  long  time  the  Bureau,  the  several  State  fishery  authorities 
concerned,  and  the  trade  have  felt  the  serious  need  of  knowledge  re- 
garding the  habits  of  the  whitefishes,  ciscoes,  and  so-called  lake  her- 
rings of  the  Great  Lakes.  Yet  up  to  the  present  time  we  have  not 
had  even  that  positive  determination  of  the  species  which  is  an  essen- 
tial basis  of  an  inquiry  into  migrations,  propagation,  and  other  habits. 
During  the  past  two  or  three  years  Dr.  Walter  Koelz,  general  assist- 
ant, has  been  detailed  to  a  comprehensive  study  of  the  whitefishes  and 
their  relatives  in  the  Great  Lakes,  beginning  in  Lake  Huron.  During 
the  past  year  he  completed  the  field  work  and  report  based  upon  that 
lake. 

His  report,^  which  represents  a  substantial  advance  in  knowledge  of 
these  fishes,  is  based  upon  a  collection  of  3,000  specimens  of  Lake 
Huron  Coregonines  and  on  field  data  as  to  their  breeding  times  and 
breeding  places,  geographic  and  depth  distribution,  and  migrations. 
He  has  definitely  distinguished  and  defined  10  forms — 8  species  and 
2  subspecies — all  of  which  are  referred  to  the  Linnaean  genus  Gore- 
noims.  Two  new  species  are  described  and  three  subgenera  are  recog- 
nized {Leiunchthys^  Coreaonus^  Prosopium),  The  forms  of  one  sub- 
genus (Leucichtliys)  fall  into  two  ecological  groups:  (1)  the  lake 
herrings  {artedi^  manitoulinus)  ^  and  (2)  the  chubs  {alpenae^  reig- 
hrdi,  jo/uifmae^  nigripinnia)  and  bloaters  {hoyi  and  its  variant  pro- 
fundus). 

The  lake  herrings  are  taken  in  shallow  water  to  a  depth  of  16 
fathoms,  rarely  deeper.  One  of  them  (artedi)  is  known  also  to  range 
the  surface  waters  to  a  considerable  distance  from  shore.  They 
spawn  in  November  in  shallow  water  on  sand  and  gravel.  The  chubs 
and  bloaters  are  taken  near  the  bottom  in  water  30  to  80  fathoms  or 
*leei)er.  They  occur  on  mud  or  clay  bottom  and  feed  chiefly  on  species 
of  Crustacea  and  moUusca.  The  spawning  season  for  the  five  species 
extends  from  late  August  to  March. 

The  species  of  chubs  and  bloaters  have  definable  but  overlapping 
ranges  as  regards  depth.  Each  form  has  its  greatest  density  of  popu- 
lation at  the  center  of  its  bathymetric  range,  and  this  density  dimin- 
ishes toward  the  borders  of  its  range. 

The  pilot,  Coregonu8  {Prosopimn)  qtuidrilateraUs^  occurs  usually 
along  the  shores  to  a  depth  of  20  fathoms.  It  breeds  in  November  in 
shallow  water  on  rock  or  gravel  bottom.  The  whitefish,  Coregonus 
'^^peafomiisy  is  also  shore-loving,  seldom  occurring  deeper  than  20 
fathoms.  It  spawns  in  November  in  shallow  water  on  rocK  or  gravel. 
It  is  not  expected  that  the  report  will  be  offered  for  publication  before 
the  bvestigations  in  other  lakes  are  completed. 

'^fffpr  (fewer)  scales  than  tbe  rainbow,  and  there  appear  to  be  other  though  incon- 
^Pijmoas  and  concealed  Btnictural  differences. 
Thfre  is  probably  more  than  one  species  or  race  of  rainbow  trout,  and  possibly  also 
"{."J^^l^ead.  However,  the  rainbow  trout  of  flsh  culture  is  largely  from  McCloud  River 
''•'«■)  stock  and  should  bear  the  name,  not  Salmo  irideu8,  but  Salmo  shofta.  The  flsh- 
"itural  rainbow  stock  has  been  more  or  less  affected  by  admixture  of  another  form 
principally  from  Klamath  River,  which  may  be  another  form  or  species  of  rainbow  or 
J*riJap«  a  steelhead.  This  admixture  is  clearly  perceived  in  the  appearance  and  structure 
l\  ™y  specimens  of  the  rainbow  stock  of  some  of  the  hatcheries.  The  steelhead  stock 
trft  M^^y**  «o  far  as  known,  been  unadulterated  Salmo  gairdnerii,  although  in  the  dis- 
fw«  J  ^  from  hatcheries  it  is  known  that  in  some  Instances  the  two  forms  have  been 
mS  ffi^  **  identical  and  distributed  as  rainbow  trout.  Pure  Salmo  shatta  is  distin- 
«<utQe(!  from  pure  Balmo  gairdnerU  by  the  smaller  scales  of  the  former. 
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BIOIiOOT  OF  THE  PACIFIC  SALMONS. 

The  salmon  fisheries,  very  valuable  in  themselves,  support  a  pack- 
ing industry,  the  product  of  which  is  of  still  greater  value.  Speak- 
ing in  terms  of  appropriate  correctness,  we  may  say  that  the  salmon 
taken  from  the  rivers  and  lakes  of  Pacific  Coast  States  and  Alaska 
now  yield  each  year  6  pounds  of  highly  nutritious  meat  food  for  each 
man,  woman,  and  child  in  the  United  States  and  its  possessions. 
We  enjoy  and  esteem  these  valuable  economic  resources  now,  but  it 
is  a  serious  question  if  the  generations  to  follow  will  derive  like 
benefits  from  the  same  waters. 

It  is  true  that  the  salmon  are  not  necessarilv  exhaustible  like  a 
mineral  resource,  but  that  they  are  by  nature  self-perpetuative,  pro- 
vided only  that  present  and  future  utilization  is  rightly  r^^ulat^d 
and  that  artificial  propagation  is  intelligently  directed.  The  de- 
cline of  the  fishery  in  most  of  the  waters  of  the  Pacific  coast  is  clear 
evidence  that  we  are  not  yet  properly  meeting  the  requirements  in 
propagation  and  regulation.  The  situation  in  Alaska  waters,  a  rela- 
tively new  field  of  exploitation,  has  already  reached  a  stage  which 
investigators  assure  us  is  critical  and  which  may  be  but  the  begin- 
ning of  an  era  of  decline. 

It  becomes  a  high  responsibility,  then,  that  we  find  out  what  must 
be  done,  that  we  study  the  salmons  until  we  know  fully  their  life 
histories  and  habits  and  the  conditions  of  the  maintenance  of  the 
runs. 

The  investigations  conducted  by  Prof.  C.  H.  Gilbert  and  Mr. 
Henry  O'Malley  in  Bristol  Bay  and  other  Alaska  waters,  through 
cooperation  of  the  Divisions  of  Scientific  Inquiry,  Fish  Culture,  and 
Alaska  Fisheries,  are  reported  fully  in  "Alaska  Fisheries  and  Fur 
Industries  in  1919,"*  and  need  not,  therefore,  be  described  in  this 
connection. 

In  Pacific  Coast  States  studies  of  salmon  have  been  conducted  pri- 
marily by  Willis  H.  Rich,  with  particular  attention  t6  the  life  his- 
tory of  the  Chinook  salmon  of  the  Columbia  River. 

Considerable  progress  has  been  made  in  the  study  of  the  life  historv 
as  based  on  scale  analysis.  The  necessary  foundation  for  this  work 
was  laid  by  studies  conducted  during  previous  years  and  published 
recently  under  the  title,  "The  Early  History  and  Seaward  Migration 
of  the  Chinook  Salmon  in  the  Columbia  and  Sacramento  Rivers."  * 
Even  with  the  data  at  hand,  the  accurate  interpretation  of  the  adult 
scales  has  proven  an  extremely  difficult  task,  owing  to  the  great  di- 
versity in  the  types  of  nuclear  growth.  As  a  result  of  the  study  of 
large  series  of  scale  photographs  and  the  calculations  of  sizes  at  vari- 
ous ages  of  several  hundred  individuals,  it  has  now  become  possible  to 
interpret  fairly  accurately  the  age  and  early  history  from  examina- 
tion of  the  scales  of  adult  fish.  Prom  investigations  pursued  in  the 
various  tributaries  of  the  Columbia  River,  it  is  found  that  many  con- 
tain distinguishable  races,  just  as  had  previously  been  shown  in  the 
case  of  the  sockeye.    The  study  of  the  chinook  salmon  taken  in  the 


•  Bower,  Ward  T. :  Alaska  Fisheries  and  Fur  TndustrleB  In  1919.  Appendix  IX,  Report. 
U.  S.  Commissioner  of  Fisheries,  1919.     Washin^on.  1920. 

*  Rich, 'Willis  H. :  Early  History  and  Seaward  Migration  of  Chinoolc  Salmon  in  tho 
Columbia  and  Sacramento  Rtvers.  Bulletin,  U.  S.  Bureau  of  Fisheries.  VoL  XXXVII. 
1919-20,  pp.  1-73.     Washlngrton,  1920. 
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open  ocean  oy  trollers  and  purse  seiners  has  progressed  to  the  point 
where  a  preliminary  report  is  in  course  of  preparation. 

Satisfactory  returns  are  being  obtained  this  year  from  one  of  the 
experiments  m  marking  young  chinook  sahnon  at  the  hatcheries  of 
the  Columbia  Rirer.  Some  returns  have  been  obtained  from  three 
other  experiments,  and  it  is  possible  that  additional  results  may  be 
obtained  later  this  year. 

Additional  marking  experiments  have  been  started  during  the  past 
year  with  particular  reference  to  chinook  fry  and  jrearlings  and  year- 
ling sockeyes.  At  the  same  time,  and  in  cooperation  with  the  State 
Fi3i  and  Game  Commission  oi  Oregon,  a  representative  of  the 
Bureau  began  last  spring  the  tagging  of  adult  steelhead  in  the  Rogue 
River.  A  proposed  study  of  the  steemead  and  chinooks  in  this  stream 
has,  for  various  reasons,  been  delayed. 

HABITS  OF  FBBSH- WATER  FISHES. 

Perhaps  no  papers  published  by  the  Bureau  are  of  more  service  to 
fish  culture,  to  angling,  and  to  the  utilization  and  conservation  of 
fresh-water  fishes  than  those  which  comprise  the  results  of  careful 
studies  into  the  habits  of  useful  fishes.  The  works  of  Dr.  W.  C. 
Kendall,  Dr.  A  S.  Pearse,  and  Dr.  Jacob  Rei^hard  fall  naturally 
into  this  class.  Recent  studies  by  Dr.  KendaU  are  referred  to  in 
another  place.  The  results  of  Dr.  Reighard's  observations  are  to  be 
given  publication  in  other  places. 

Some  results  of  Dr.  Pearse's  recent  studies  are  embodied  in  two 
useful  reports,  of  which  one  was  published  last  year  and  the  other 
of  which  is  in  press.  They  are  entitled,  respectively,  "  Habits  of  the 
Black  Crappie  in  Inland  Lakes  of  Wisconsin  "  *  and  "  Habits  of  Yel- 
low Perch  in  Wisconsin  Lakes.*' ^  The  observations,  which  have 
been  extended  to  several  lakes,  are  based  upon  numerous  collections 
at  various  seasons,  places,  and  depths,  the  tagging  and  recovery  of 
individual  fishes,  studies  of  food  and  parasites,  and  various  other 
considerations. 

BBEEDIKO  HABITS  OF  THE  PADDLEFISH. 

During  a  considerable  portion  of  the  past  two  years  Dr.  A.  D. 
Howard,  field  assistant,  has  conducted  an  inquiry  into  the  breeding 
habits  or  the  paddlefish,  PoVyodon  spathula^  a  food  fish  of  the  Missis- 
sippi Basin,  which  attains  a  large  size  and  which  is  of  particular 
value  because  its  eggs  make  a  grade  of  caviar  scarcely  inferior  to 
that  of  the  sturgeon.  This  important  fish  is  diminishing  in  numbers, 
but  all  attempts  at  artificial  propagation  and  all  previous  investiga- 
tions of  the  breeding  habits  of  the  species  have  been  barren  of  practi- 
cal results.  The  present  investigation,  which  began  in  January,  1919, 
was  made  possible  through  the  cooperation  of  the  Conservation  De- 
partment of  Louisiana. 

•  Pearse,  A.  8. :  Habits  of  the  Black  Crappie  in  Inland  I^kes  of  Wisconsin.  Appendix 
III.  Report,  U.  S.  Commissioner  of  Fisheries,  1918.  16  pp.     Washington,  1919. 

*  Pearse,  A.  8.,  and  Henrietta  Achtenberg:  Habits  of  Jellow  Perch  in  Wisconsin  Lakes. 
Bulletin,  t.  8.  Bureau  of  Fisheries,  Vol.  XXXVI,  1917-18,  pp.  298>-a66.  Washington, 
1920. 
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Observations  were  first  undertaken  in  White  Lake,  near  the  Gulf, 
where  the  Superintendent  of  Fisheries  had  previously  conducted  in- 
vestigations of  the  spawning  of  paddlefish.  Owing,  however,  to 
changes  having  occurred  in  the  lake  due,  it  was  believed,  in  part  to 
drought  and  removal  of  water  from  the  lake  for  irrigation  of  rice 
fields  and  in  part  to  overfishing,  no  paddlefish  were  obtained.  The 
investigator  then  proceeded  to  Natchitoches  and  Red  Kiver  Parishes, 
where  better  conditions  were  encountered  both  in  the  Ked  River  and 
in  the  Oxbow  Lakes  adjacent  to  it.  Here  over  300  paddlefish  were 
taken,  of  which  17  were  mature  females  with  eggs  and  3  were  mature 
males.  No  females  with  eggs  free  or  running  were  found,  but  one 
spent  female  was  taken  April  2  and  another  April  11. 

An  experiment  was  made  in  retaining  large  paddlefish  in  a  good- 
sized  inclosure  formed  by  placing  fine-meshed  wire  netting  across  the 
mouth  of  an  arm  of  a  bayou.  Although  no  results  in  propagation 
were  obtained,  it  was  demonstrated  that  paddlefish  could  be  kept  in 
such  an  inclosure  for  two  or  three  months  at  least.  It  was  found  also 
that  by  tethering  a  paddlefish  by  a  line  6  or  6  feet  long  to  an  emptj'^ 
gallon  jug  the  fish  could  be  kept  in  good  condition  and  recovered  at 
will. 

It  was  observed  that  while  large  mature  fish  may  be  found  in  iso- 
lated lakes,  young  paddlefish  are  found  only  in  those  lakes  or  bayous 
which  have  a  connection  with  the  river.  Nevertheless,  it  may  be  that 
paddlefish  propagate  successfully  in  isolated  lakes  of  very  large  size, 
such  as  White  Lake  (in  former  years),  where  the  chance  of  avoiding 
enemies  is  better.  Fish  retained  in  small  pens  or  tied  with  a  line  were 
frequently  attacked  and  killed  by  turtles,  principally  the  soft-shell 
turtles.  The  turtle  evidently  sought  the  eggs,  since  this  was  the  first 
part  of  the  fish  to  be  devoured,  and  turtles  taken  in  the  vicinity  were 
observed  with  paddlefish  eggs  in  mouths,  and  stomachs. 

In  the  spring  of  1920  more  attention  was  given  to  river  fish  than  to 
those  landlocked  in  lakes,  but  on  account  of  flood  conditions  only  a 
very  small  number  were  secured  and  none  of  these  were  mature  males. 
While  awaiting  more  favorable  conditions,  experiments  were  con- 
tinued upon  the  lake  fish,  the  eggs  being  treated  by  the  artificial  fecun- 
dation method  successfully  used  with  sturgeon.  Eggs  in  sand  re- 
mained free  of  fungus,  but  no  development  was  observed  in  any  of 
them.  It  is  believS  that  success  depends  upon  securing  river  fish 
(among  which  only  have  spent  females  been  found),  but  a  favorable 
season  without  too  much  high  water  is  necessary  for  this. 

UTE  HISTORIES  OF  MARINE  FISHES. 

One  of  the  most  important  conditions  of  intelligent  exploitation 
or  protection  of  the  great  fisheries  of  the  sieas  is  a  knowledge  of  the 
life  histories  of  the  species.  Such  knowledge  is  difficult  to  obtain, 
since  it  is  manifestly  impossible  to  observe  directly  the  daily  and  sea- 
sonal movements  of  individual  fish  that  possess  the  freedom  of  the 
sea.  The  desired  knowledge  can  be  accumulated  but  slowly  through 
the  pursuit  of  oceanographic  studies  and  the  continual  collection  of 
fishes  under  conditions  of  accurate  record,  with  especial  reference  to 
eggs  and  larvae.  The  material  and  the  data  accumulated  at  any  one 
time  may  tell  no  useful  story,  but  when  there  has  been  gradually 
gathered  together  a  great  store  of  materials,  many  of  the  several 
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elements  will  be  found  to  fall  into  series ;  a  patchwork  quilt  is  eventu- 
ally formed  which  depicts  in  accurate  form  and  in  more  or  less  com- 
plete detail  the  interesting  and  long-desired  story  of  the  migration 
and  feeding  and  breeding  habits  of  one  or  more  species  of  fish.  The 
studies  of  life  histories  of  fishes  of  the  sea  are,  therefore,  linked  with 
the  oceanographic  studies  to  receive  brief  reference  in  another  place. 
W.  W.  Wrfsh,  scientific  assistant,  has  been  engaged  in  the  study  and 
identification  of  the  large  collections  of  larval  fishes  now  in  the 
Bureau's  possession.  Collections  nvere  also  made  while  he  was 
engaged  upon  the  Albatross^  and  just  before  the  fiscal  year  closed 
his  field  studies  were  extended  to  a  point  on  the  New  Jersey  coast 
offering  unusual  facilities  for  the  daily  observation  of  fishes  taken 
alongshore,  for  experiments  in  the  hatching  of  such  eggs  as  might  be 
obtained,  and  for  rearing  the  larval  fishes  to  an  advanced  stage.  Mr. 
Welsh  has  devised  an  ingenious  automatic  apparatus  for  holding 
pelade  fish  eggs  during  incubation  so  that  their  development  may  be 
studied. 

SARDINE  or  NORTHWEST  COAST. 

A  further  inquiry  into  the  occurrence  of  the  pilchard  or  sardine, 
Sardinia  ccBVulea^  off  the  coasts  of  Washington  and  Oregon  was  con- 
ducted during  the  past  summer  by  C.  L.  Anderson,  assistant  in  the 
Bureau.  Observations  and  inquiries  were  made  near  the  mouths  of 
the  Columbia,  Siuslaw,  Umpqua,  and  Coquille  Rivers,  and  at 
Yaquina,  Alsea,  and  Coos  Bays.  It  is  reported  that  some  sardines 
enter  the  inside  waters  everv  summer,  but  that  the  run  is  extremely 
variable  as  to  abundance.  Mr.  Anderson  suggests  that  the  presence 
of  sardines  in  the  bays  is  largely  controlled  by  the  proportion  of 
fresh  water  brought  into  the  bays  by  the  rivers,  the  run  being  light 
or  wanting  when  the  salinity  of  the  bay  water  is  lowered.  Practi- 
cally none  entered  these  bays  during  the  past  summer.  While  sardines 
may  be  present  in  the  ocean  beyond  the  bars  at  practically  all  times, 
as  evidenced  by  statements  of  troUers  and  halibut  fishermen  and  by 
study  of  the  stomach  contents  of  troll-caught  salmon,  yet  the  nature 
of  the  bars  over  which  access  to  the  harbors  must  be  had  and  the 
severity  of  weather  conditions  would  make  it  difficult  to  operate  a 
regular  sardine  fishery.  The  evidence  now  in  hand  is  not  favorable 
to  the  establishment  of  an  important  sardine-packing  industry  in 
Northwest  States. 

FISHES   IN  RELATION  TO   PUBLIC   HEALTH 

It  is  doubtful  if  any  function  of  the  Bureau  is  worth  of  higher 
public  esteem  than  one  which  brings  it  into  direct  relation  with  im- 
provement of  the  conditions  of  pubnc  health  and  makes  it  an  effective 
and  indispensable  servant  in  the  progressive  elimination  of  a  disease 
that  not  only  produces  vast  economic  losses  by  disability  of  laborers 
and  employers,  but  year  by  year  robs  thousands  of  men,  women,  and 
children  of  energy,  ambition,  and  happiness.  The  investigations  of 
previoiis  years  not  only  bore  abundant  fruit  when  the  Bureau  could 
render  a  substantial  service  during  war  times  in  the  protection  of  the 
health  of  soldiers  in  cantonments,  but  they  have  placed  the  Bureau 
in  Dosition  to  play  an  active  and  continuing  part  in  the  extensive  anti- 
malarial campaign  in  Southern  States. 
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PARTICIPATION  IN  ANTIMALARIAL  CAKPAION. 

Eesponding  to  a  request  from  the  Surgeon  General  of  the  United 
States  Public  Health  Service,  Scientific  Assistant  S.  F.  Hildebrand 
was  detailed  in  February  to  cooperate  with  that  Service  in  making 
inspections  in  the  Southern  States  and  in  conferring  and  advising 
with  the  various  public  health  officers,  Federal,  State,  and  munici- 
pal, in  the  use  of  minnows  for  the  destruction  of  the  immature  mos- 
quito. As  the  work  was  extended  to  various  points  in  12  States,  it 
was  found  that  public  health  officers  generally,  when  properly  ac- 
quainted with  the  conditions  of  success  of  mosquito  control  by  the 
use  of  fish,  were  glad  to  make  use  of  a  method  which  in  many  cases 
was  both  practicable  and  inexpensive.  Many  favorable  reports, 
showing  considerable  savings  accomplished  by  the  use  of  fish  under 
favorable  conditions,  have  been  given  by  sanitary  en^neers  and 
others.  As  compared  with  control  by  oiling,  the  elimination  of  mos- 
quitoes by  the  use  of  minnows  is  not  only  inexpensive  but  also  rela- 
tively enduring  in  effect,  if  the  bodies  of  water  are  permanent. 

There  appears  at  this  time  to  be  no  other  mode  of  mosquito  control 
inexpensive  enough  to  be  widely  applicable  in  rural  communities 
where  measures  of  draina^  and  oiling  could  be  employed  only  at  a 
per  capita  cost  that  renders  them  impracticable.  Tne  principal  fish 
used  is  the  common  southern  top  minnow  {Gamhusia  afflms)^  al- 
though the  star-headed  minnows  {Fundulus  notatvs  and  FuriduLus 
nothi)  are  being  used  to  a  limited  extent.  Many  observations  in 
various  localities  give  positive  demonstration  of  the  effectiveness  of 
Gambusia  in  eradication  of  mosquito  breeding  under  appropriate 
conditions. 

It  is  not  to  be  inferred  that  mosquito  control  by  fish  is  attained 
automatically ;  rather  is  the  exercise  of  intelligence,  knowledge,  and 
care  essential  for  success.  It  must  be  borne  in  mina,  too,  that  as  yet 
there  have  been  discovered  onlv  some  of  the  conditions  of  successful 
control.  Much  remains  to  be  learned  bv  repeated  observations  and 
experiments  before  the  broadest  use  of  fish  as  an  agency  for  the 
prevention  of  malaria  will  be  possible.  Therefore  advice  and  demon- 
stration of  what  is  now  known  must  not  be  allowed  to  displace  the 
plans  for  further  investigational  work.  The  same  assistant  will 
continue  to  prosecute  investigations  and  extend  practical  services 
with  particular  reference  to  the  conditions  in  Southern  States. 

FISH  AND  MOSQUITO  STUDIES  AT  MOUND,  LA. 

Previous  rei)orts  have  mentioned  the  cooperative  investigations 
which  were  being  pursued  with  the  Bureau  of  Entomology  at  the 
field  laboratory  of  that  Bureau  at  Mount,  La.,  R.  L.  Barney  being 
the  Bureau's  resident  agent  in  charge.  The  observational  and  ex- 
perimental work  at  that  station  was  brought  to  a  close  about  the 
middle  of  the  fiscal  year  in  order  that  the  accumulated  data  might 
be  compiled  and  a  report  prepared.  Reports  on  certain  ph^i.ses  of 
this  investigation  have  been  prepared,  but  the  completion  of  a  final 
report  has  been  delayed  by  the  loss  of  an  assistant  and  by  the  un- 
avoidable exactions  of  other  duties. 
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XOfiQUITO  CONTBOL  IN  NOBTHSRN  WATEBS. 

WUte  malaria  is  not  prevalent  in  Northern  States,  the  mosquito 
problem  persists  and  exerts  its  ill  effect  upon  property  values,  in- 
dustrial productiveness,  and  personal  efficiency.  This  was  well  illus- 
trated when  lar^  sums  of  monejr  were  expended  in  the  effort  to  ex- 
terminate mosquitoes  in  the  vicinity  of  a  lar^e  shipyard. 

Prof.  J.  Percy  Moore,  of  the  University  of  Pennsylvania,  as  a  tem- 
porary investigator  for  the  Bureau,  has  been  chargjed  with  certain 
expenments  conducted  in  the  vicinity  of  Philadelphia.  He  has  also 
participated  in  investigations  in  the  Palisades  Interstate  Park  with 
reference  to  the  control  of  mosauitos  by  the  use  of  fish  and  other 
aquatic  animals.  A  very  ^atirying  degree  of  cooperation  is  ex- 
tended by  the  officials  of  uie  park,  and  experiments  have  been  started 
which  are  producing  results  of  scientific  and  practical  interest.  Im- 
provement of  the  shore  conditions  around  one  of  the  principal  ponds 
of  the  park  has  already  resulted  in  giving  small  fish  oetter  access  to 
shallow  coves  and  little  cut-off  pools,  and  this  in  turn  has  effected 
a  material  reduction  in  the  abundance  of  mosquito  larvse.  Subse- 
quent examinations  of  the  stomachs  of  youn^  &shes  admitted  to 
such  waters  formerly  teeming  with  mosquito  Tarvse  have  shown  a 
large  proportion  of  nfosquito  e^gs,  larvse,  or  pupee  in  the  food.  Other 
experiments  are  in  progress. 

This  work  is  being  done  in  connection  with  the  cooperative  investi- 
gation between  the  Bureau  of  Fisheries  and  the  New  York  State  Col- 
lege of  Forestry  at  Syracuse,  having  to  do  with  the  control  of  mos- 
quitoes, the  elimination  of  blood-sucking  leeches,  and  the  develop- 
ment of  the  fish-cultural  possibilities  of  the  park.  The  general  od- 
ject  is  to  promote  favorable  conditions  in  the  park  for  fishing,  bath- 
ing, and  other  forms  of  recreation. 

EXPERIMENTAL    FISH    CULTURE. 

Previous  reports  have  stressed  the  need  for  fish-cultural  experi- 
ment work;  yet  this  field  of  endeavor  remains  in  a  condition  oi  de- 
velopment that  offers  relatively  small  promise  until  circumstances 
may  be  changed.  This  is  not  lor  lack  of  possibilities  of  service  to 
Government,  State,  and  private  fish  culture,  or  for  deficiency  in 
facilities;  the  opportunity  is  there,  but  the  special  personnel  is  want- 
ing. Fidi-cultural  work  demands  the.  service  of  specialists — ^those 
who  can  study  systematically  and  continuously  the  functions  and  re- 
lations of  plants,  insects,  Crustacea,  bottom  conditions,  fertility,  form 
aud  depth  of  pond,  etc.,  with  reference  to  methods  of  fish  culture  and 
the  productiveness  of  fishponds.  The  most  the  Bureau  has  been  able 
to  do  during  the  year  just  closed  has  been  to  keep  the  flame  of  experi- 
mental fish  culture  burning,  with  the  hope  that  provision  may  yet  be 
made  for  its  adequate  conduct*. 

Some  further  results  of  importance  have  been  gained  in  the  experi- 
ments conducted  at  the  Fisheries  Biological  Station,  Fairpjort,  Iowa, 
with  catfish,  buffalofish,  bass,  and  sunfisnes.  Certain  experiments  are 
under  way  to  determine  the  value  of  the  use  of  manure  or  commercial 
fertilizers  for  increasing  the  fertility  and  productiveness  of  fishponds. 
Prof.  C.  B.  Wilson  at  that  station  also  continued  his  investigations 
of  aquatic  insects  in  relation  to  fish  culture  in  ponds.    There  are 


Digitized  by 


Google 


14  U.  S.  BUBEAU  OF  FISHERIES. 

shortly  to  be  published  two  papers  by  this  author  on  the  life  history 
and  fish-cultural  significance  of  some  of  the  insects  most  commonly 
present  in  fishponds. 

A  paper  consisting  largely  of  compilation  and  analysis  of  published 
European  and  American  data  concerning  the  culture  of  fresh- water 
crustaceans  ("shrimp,"  etc.)  as  food  for  fishes  in  hatcheries  and  in 
ponds  was  completed  during  the  year  by  Dr.  W.  C.  Kendall  and 
submitted  for  publication,  it  is  believea  that  the  culture  of  some 
kinds  of  Crustacea  as  food  for  fish  would  be  economically  feasible 
under  certain  conditions,  depending  much  upon  locality  and  the 
immediate  surroundings  of  a  particular  fish-cultural  plant. 

A  service  of  no  little  importance  was  rendered  when  Dr.  Emmeline 
Moore,  who  has  conducted  several  investigations  for  the  Bureau,  was 
detailed  to  visit  some  of  the  fish-cultural  stations  and  advise  with 
superintendents  regarding  the  best  use  of  plants  in  fishponds. 
Against  what  might  have  been  assumed  to  be  obvious  handicaps, 
the  advice  of  this  investigator  quickly  established  itself  in  the  con- 
fidence and  esteem  of  practical  fish-culturists.  Her  work  commanded 
such  attention  that  her  services  were  drafted  by  a  State  Government 
which  could  offer  more  favorable  conditions  of  employment  than  this 
Bureau. 

The  greatest  need  in  the  fish-cultural  experiment  work  of  the 
Bureau  is  continuity  and  the  application  of  persistence,  skill,  and 
judgment,  and  this  need  can  be  met  only  by  the  making  of  the  special 
provision  of  personnel  which  the  conditions  may  be  found  to  warrant. 

STUDIES  OF  DISEASES  OF  FISH. 

Closely  related  to  fish-cultural  experimental  work  is  the  study  of 
the  diseases  of  fish  and  the  conditions  which  occasion  mortality  or 
diminished  vitality. of  fishes.  The  parasites  of  fishes  also  demand 
attention,  not  only  because  of  their  unfavorable  effect  upon  the 
vitality  of  the  fish  but  because  the  presence  of  parasites,  even  such 
as  are  not  injurious,  renders  fish  less  attractive  to  the  consumer  and 
accordingly  diminishes  the  market  value  of  the  fish.  Diseases  of  fish 
are  of  real  concern  from  an  economic  point  of  view,  not  only  for  the 
resulting  direct  losses  to  food  supply  but  for  the  mortality  of  eggs, 
fry,  or  fingerling  in  hatcheries,  which  causes  serious  losses  in  effi- 
ciency and  entails  a  substantial  loss  of  public  funds  expended  in  fish- 
cultural  operations.  As  a  matter  of  tact,  fish  pathology  is  a  broad 
subject  for  the  studies  of  pathological  and  other  unfavorable  condi- 
tions throw  light  upon  the  various  fish-cultural  practices  and  espe- 
cially upon  the  propriety  of  use  and  the  value  of  the  several  sorts 
of  foods  employed  in  artificial  feeding. 

The  routine  work  of  the  fish  pathologist.  Dr.  Franz  Schrader,  in- 
cluded investigation  into  reports  of  fish  mortalities  in  various  parts 
of  the  country,  examination  of  specimens  sent  to  the  Bureau  for  the 
determination  of  the  cause  of  disease  or  death,  and  trips  to  the  sta- 
tions in  connection  with  epidemics  among  fish  or  unsatisfactory  con- 
ditions among  fry. 

An  analysis  of  the  so-called  white-spot  disease  in  fish  eggs  has 
been  virtually  completed.  It  is  apparent  that  the  ordinary  occurrence 
of  this  disease  finds  its  cause  in  careless  handling  of  the  eggs,  be  it  in 
the  course  of  stripping  or  during  transportation.    Bacterial  agency 
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is  not  primarily  responsible  in  causing  white  spot  as  it  is  commonly 
seen  during  hatching  operations,  and^uropean  observers  who  have 
reported  it  seem  to  have  had  exceptional  cases.  Mention  may  be 
made  of  a  stiU  different  form  of  the  disease  in  Alaska,  of  which  only 
superficial  investigation  has  been  made. 

Work  was  started  on  the  study  of  ovarial  conditions  in  various 
fishes,  especially  at  time  of  spawnmg.  It  is  this  phase  in  the  various 
activities  of  fishes  which  bears  directly  on  the  problems  of  sterility, 
production  of  "  glassy  "  ova,  hardening  of  ovaries  when  retained  in 
})ens  or  crates,  and  effect  of  stripping.  The  nature  of  the  problem 
makes  the  work:  on  it  more  or  less  sporadic. 

The  troublesome  question  of  the  great  mortality  in  hatching  pike- 
I)erch  eggs  is  under  investigation  at  present.  A  visit  was  made  to 
Swanton,  Vt.,  at  the  time  or  spawning,  to  observe  conditions  in  the 
field.  In  spite  of  the  fact  that  the  problem  is  an  old  one,  it  seems 
that  no  definite  analysis  of  the  morphological  features  of  affected 
eggs  has  ever  been  made.  Consequently  the  few  remedial  measures 
employed  have  been  of  little  or  no  advantage.  The  essential  studies 
are  now  in  progress. 

FISH  DISEASE  IN  ST.  LAWRENCE  RIVER. 

While  mortality  of  fish  in  natural  waters  as  a  result  of  disease  is 
not  usually  conspicuous,  nevertheless  there  are  occasions  when  such 
occurrences  demand  attention.  An  investigation  of  an  epidemic 
among  the  fish  in  the  St.  Lawrence  Eiver  at  Ogdensburg,  N.  i .,  was 
made  during  the  first  week  in  July,  by  Prof.  H.  S.  Davis,  temporary 
investigator.  The  superintendent  of  a  New  York  fish  hatchery  had 
reported  that  large  numbers  of  fish  were  dying  in  the  ponds  and 
also  in  the  river. 

The  epidemic  was  at  its  height  during  the  first  two  weeks  in  June 
and  then  decreased  rapidly  in  severity.  At  the  time  of  the  investiga- 
tion the  disease  had  entirely  disappeared  from  the  ponds  and  only  a 
few  diseased  fish  were  taken  in,  the  river.  None  of  these  appeared  to 
be  seriously  affected. 

The  fish  taken  in  the  river  showed  two  distinct  types  of  lesions  on 
the  skin.  On  the  bullheads  and  catfish  the  infected  areas  were  very 
distinct,  about  one-half  to  1  inch  in  diameter  and  bright  red  in 
color,  due  to  the  complete  destruction  of  the  epidermis,  uius  expos- 
ing the  inflamed  dermis  beneath. 

The  diseased  areas  in  the  skin  of  bass  and  suckers  had  a  very  dif- 
ferent appearance.  They  were  irregular  in  shape  and  so  indistinct 
as  to  attract  attention  only  on  close  examination.  The  most  marked 
characteristic  was  a  faint  reddish  border  around  the  scales,  due  to  a 
slight  extravasation  of  blood  into  the  epidermis. 

A  microscopic  examination  of  sections  of  skin  from  the  infected 
areas  indicates  that  the  disease  in  bullheads  and  catfish  is  probably 
distinct  from  that  in  the  bass  and  suckers.  In  the  former  the  disease 
is  apparently  due  to  bacteria,  which  are  present  in  enormous  numbers 
in  the  disintegrating  epidermis.  These  bacteria  are  not  present  in 
the  lesions  on  Dass  and  suckers,  and  the  cause  of  this  affection  is  at 
present  problematic.    A  further  report  may  be  made. 
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UNSEED  MEAL  A  CAUSE  OF  TROUT  DISEASE. 

Some  time  ago  a  peculiar  disease  appeared  at  a  commercial  trout 
hatchery  in  Bhode  Island  among  yearling  and  2-year-oId  brook  trout. 
The  fish  turned  black,  many  became  blind,  and  large  numbers  died. 
Just  previous  to  death  an  affected  fish  would  dart  rapidly  about, 
sometimes  jumping  entirely  out  of  the  water.  After  swimming 
nervously  in  this  way  for  a  few  seconds,  the  fish  would  usually  turn 
partly  on  its  side,  remain  quiescent  for  an  instant,  and  then  resume 
its  former  unnaturallv  sluggish  swimming.  In  most  cases  the  fiish 
would  repeat  this  performance  several  times  before  finally  succumb- 
ing. 

Dr.  L.  H.  Almy,  then  fish  pathologist  in  this  Bureau,  was  detailed 
to  an  investigation  of  the  trouble.  It  was  learned  that  the  disease 
had  manifested  itself  a  few  weeks  after  the  superintendent  had 
begun  feeding  with  a  mixture  of  linseed  meal,  wheat  middlings,  and 
meat  scraps,  the  linseed  meal  having  been  substituted  for  cottonseed 
meal  previously  used.  When  the  meat  scrap,  with  flour  and  salt, 
was  used  without  the  linseed  meal,  the  disease  was  definitely  checked 
in  both  adult  fish  and  fry.  Experiments  planned  by  the  fish  pathol- 
ogist were  then  undertaken  at  the  same  hatchery  to  ascertain  which, 
if  either,  of  the  two  meals  had  brought  on  the  disease.  The  results, 
which  were  but  recently  completed  lor  publication,  proved  that  lin- 
seed meal  was  responsible  for  the  pigment  change,  blindness,  and 
death;  that  linseed  oil  in  the  food  of  trout  has  a  slightlj  injurious 
effect;  and  that  fish  affected  with  linseed-meal  poisoning  can  be 
brought  back  to  a  healthy  condition,  except  for  the  pigment  change 
and  blindness,  by  a  diet  of  some  fresh-meat  product. 

Further  experiments  conducted  at  the.  White  Sulphur  Springs 
(W.  Va.)  hatchery  of  the  Bureau,  with  the  cooperation  of  Supt.  R.  K. 
Robinson,  gave  clear  evidence  that  the  pigment  change,  excitability, 
and  weakened  eyesight  or  blindness  were  due  primarily  to  tfie 
prussic-acid  constituent  of  linseed  meal.  The  experiments  indicated 
also  that  a  food  mixture  consisting  of  wheat  middlings  and  meat 
meal,  although  not  injurious  and  apparently  an  acceptable  food  for 
the  fish,  does  not  compare  with  fresh  hog  lungs  as  a  food  for  yearling 
trout. 

SERIOUS  DISEASE  OF  BUFFALOFISH. 

A  new  bacterial  disease  of  fresh-water  fishes  has  been  under  investi- 
gation during  the  last  two  summers  by  Prof.  H.  S.  Davis,  temporary 
investiffator.  This  disease  seems  to  attack  nearly  all  species  of  fresh- 
water fishes,  but  is  especially  destructive  to  the  buffalofishes,  crap- 
pies,  and  bluegills.  It  is  preeminently  a  warm-weather  disease  and 
is  apparently  of  little  importance  during  the  colder  seasons  of  the 
year. 

The  disease  is  caused  by  an  undescribed  species  of  bacterium  which 
develops  only  on  the  surface  of  the  body  and  on  the  gills.  On  the 
body  it  destroys  the  skin,  but  never  penetrates  into  the  underlying 
muscles,  while  on  the  gills  it  destroys  all  the  soft  tissues.  In  either 
case  the  fish  usually  succumb  within  48  to  72  hours  after  the  appear- 
ance of  the  disease. 


Digitized  by 


Google 


PEOGRESS  IN  BIOLOGICAL  INQUIRIES.  17 

The  disease  does  not  ordinarily  attack  healthy  or  uninjured  fish, 
but  even  a  slight  injury  or  the  lowering  of  the  vitality  in  any  way 
renders  the  fish  susceptible  to  infection.  Fish  are  especially  liable 
to  contract  the  disease  within  a  day  or  two  after  being  handled. 

It  has  been  found  that  the  disease  can  ordinarily  be  controlled  by 
treating  the  fish  after  thev  have  been  handled  with  a  1  to  1000  solu- 
tion or  copper  sulphate  for  two  to  three  minutes.  When  properly 
used  it  has  been  found  possible  to  reduce  the  loss  from  this  disease 
from  about  50  per  cent  to  6  per  cent  or  less. 

Studies  on  protozoan  parasites  of  fishes  have  been  continued  and  a 
paper  is  nearly  ready  for  publication  describing  the  development 
of  the  cysts  and  the  lormation  of  spores  in  a  species  of  Myxobolus 
which  is  abundant  on  the  gills  of  the  buffalofishes.  The  early  devel- 
opment of  the  myxosporidian  cysts  has  not  previously  been  worked 
out.  It  has  been  found  that  the  young  parasites  reach  the  gills  in  the 
blood  stream  and  become  permanently  fixed  in  the  capillaries  of  the 
gillsj  where  they  develop  into  large  saclike  cysts,  which  may  cause 
considerable  injury  to  tne  gills.  The  results  of  studies  on  several 
other  species  of  myxosporidian  parasites,  several  of  them  new,  are 
also  nearly  readjr  lor  publication. 
J 

BLACK-SPOT  DISEASE  OP  THE  BX7LLHEAD. 

A  conspicuous  and  unsightly  disease  of  the  common  bullhead  or 
horapout  {Ameiurus  nehuToavs)  became  very  evident  in  a  pond  near 
Falmouth,  Mass.,  in  the  summer  of  1917.  The  matter  having  been 
brought  to  the  attention  of  the  Bureau,  and  no  information  regarding 
a  disease  of  this  description  being  available,  Prof.  Raymond  C. 
Osbum  was  engaged  as  a  temporary  investigator  for  a  study  of  the 
disease.  ""' 

The.  disease  takes  the  form  of  swollen,  rough,  tumerous,  intensely 
black  areas,  affecting  the  skin  externally  ordinarily,  but  sometimes 
entering  the  mouth  cavity  and  the  gill  chamber.  The  subcutaneous 
tissues  are  but  little  affected,  the  disease  being  confined  almost  en- 
tirely to  the  skin,  and  there  is  no  evidence  of  spread  to  other  parts  of 
the  body.  The  tumors  appear  to  grow  very  slowly,  but  there  is 
evidence  that  they  are  infectious,  for  in  1&19  the  percentage  of  in- 
fected fish  taken  in  the  pond  was  much  greater  than  in  1917,  and 
nearly  all  the  bullheads  taken  showed  the  disease. 

Careful  study  and  experimentation  proves  the  disease  to  be  of 
bacterial  origin,  the  causative  organism  being  a  very  minute  coccus, 
or  bacterium  oi  that  general  class,  probably  undescribed.  The  dis- 
ease appears  to  be  unfaiown  to  science  and  a  widespread  inquiry  has 
broTight  out  only  the  information  that  no  one  has  ever  observed  it. 
The  one  exception  in  the  literature  is  found  in  Thoreau's  Journal, 
where  he  twice  makes  mention  of  observing  such  black  tumors  on 
bullheads  in  the  Concord  River  and  one  of  its  branches. 

With  the  cooperation  of  Dr.  W.  W.  Browne,  bacteriologist,  cul- 
tures of  the  bacteria  were  made  on  agar  mixed  with  the  juices  of  the 
fish  to  produce  a  proper  medium.  Though  the  bacteria  grow  very 
slowly,  a  number  of  colonies  were  developed  to  a  diameter  of  one- 
eighth  of  an  inch  or  more  in  from  12  days  to  2  weeks.  These  had 
the  same  intensely  black  color  as  the  tumors.    The  color  is  produced 
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endogenously,  and  the  color  of  the  tumors  is  due  entirely  to  the  mass 
of  black  bacteria.  In  older  tumors  a  slight  pressure  causes  the  libera- 
tion of  an  inky  black  fluid,  formed  by  the  bacteria  in  suspension,  and 
microscopic  sections  show  the  presence  of  the  bacteria  throughout 
the  substance  of  the  tumor. 

Inoculations  of  unaffected  fish  from  another  pond  were  made  in 
three  ways:  (1)  by  subcutaneous  injection,  (2)  by  abrading  the  skin 
and  rubbing  in  the  fluid  taken  from  a  tumor,  and  (3)  by  graftin<r 
portions  of  the  tumor  into  the  skin.  Several  of  these  developed  and 
showed  some  growth  in  the  two  months  that  the  fish  were  kept  under 
observation. 

It  seems  probable  that  natural  infection  takes  place  through  abra- 
sions of  the  skin,  as  the  tumors  are  usually  located  on  the  fins  and 
lips  where  such  abrasions  would  more  naturally  occur  accidentallv. 
The  habits  of  the  bullheads  in  schooling  together  render  this  mocle 
of  transfer  easy. 

As  to  the  fatality  of  the  disease  we  have  no  information.  Cer- 
tainly it  is  not  rapidly  fatal,  for  specimens  with  well  developed 
tumors  were  kept  alive  in  aquaria  in  the  laboratory  for  six  weeks 
without  showing  any  appreciable  change  other  tlian  some  slight 
growth  in  area  and  thickness  of  the  tumor.  It  would  thus  appear 
that  no  active  systemic  poison  or  toxin  is  formed  by  the  bacteria. 
There  is,  however,  a  tendency  for  the  tumors  to  become  fungiised 
with  Saprolegnia^  a  water  mold,  which  would  no  doubt  cause  death 
in  time  if  the  tumor  did  not.  While  dead  catfish  have  not  been  ob- 
served about  the  pond,  the  shores  are  such  that  they  would  not  readilv 
be  noticed.  No  other  species  of  fish  in  the  pona  showed  any  indi- 
cation of  the  tumors,  and  the  probability  is  that  the  disease  is  specific 
for  the  bullhead. 

GENERAL    STUDY    OF    PARASITES    OF    FISHES. 

Systematic  studies  of  the  parasites  of  fishes  are  important  for 
several  reasons.  While  the  presence  of  some  parasites  is  a  normal 
condition  in  fishes  as  well  as  in  domestic  animals,  such  as  cattle, 
sheep,  and  poultry,  they  may  upon  occasion  become  so  numerous  as 
to  cause  the  weakening  or  death  of  the  animal  infected.  When  not 
leading  to  death  they  may  yet  so  affect  the  condition  or  appearance 
of  the  fish  as  to  render  them  unacceptable  to  the  housekeeper,  which 
means  the  loss  of  the  fish  as  a  possible  article  of  food.  In  cases  of 
this  kind,  and  they  occur  not  infrequently,  one  can  not  approach 
the  question  of  cause  or  remedy  or  give  proper  advice  to  the  public 
unless  there  is  a  background  of  knowledge  concerning  the  normal 
degree  of  prevalence  of  different  kinds  of  parasites  in  the  several 
species  of  fish.  It  is  economically  necessary,  then,  that  observations 
of*  parasites  should  be  made  systematically  and  a  large  body  of  evi- 
dence obtained.  Dr.  Edwin  Linton's  studies  in  recent  seasons  have 
covered  about  40  species  of  fish  in  the  region  of  Woods  Hole,  Mass. 
Attention  is  being  devoted  now  particularly  to  the  round  worms 
(nematodes).  The  fear  has  been  felt  that  round  worms,  which 
occur  on  the  viscera  of  certain  fish  and  not  normally  in  the  edible 
parts  of  the  fish,  might  during  storage  of  the  dead  fish  burrow  into 
the  flesh  of  the  fish  and  thereby  become  objectionable.  The  experi- 
ments conducted  indicate  that  the  worms  do  not  penetrate  the  flesh 
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or  become  attached  to  it  in  such  a  way  as  not  to  be  removable  by  the 
ordinary  process  of  washing. 

In  this  connection  reference  may  be  made  to  the  studies  of  the  food 
of  young  fishes  conducted  by  the  same  investigator  and  applying 
to  18  species  of  fish  of  the  Woods  Hole  region. 

THE    OYSTER. 

The  eastern  oyster  supports  the  most  valuable  fishery  possessed  by 
any  country  and  based  upon, a  single  species;  but,  important  as  the 
oyster  industry  is  in  contribution  to  food  supply  as  well  as  in  its 
part  in  the  economic  life  of  the  Nation,  its  future  can  be  viewed  only 
with  keen  anxiety.  For  some  years  the  industry  has  been  manifestly 
declining.  In  past  times  its  chief  seats  have  been  on  the  south  shoreis 
of  New  England  and  New  York  and  in  the  Chesapeake  Bav.  During 
a  long  period  the  yield  of  the  Chesapeake  has  gradually  fallen  awav 
because  of  the  depletion  of  natural  beds  and  the  misfortunes  which 
have  attended  all  attempts  to  establish  a  proper  legal  basis  for  the  de- 
velopment of  a  great  oyster  farming  industry.  In  waters  of  the 
vicinity  of  Long  Island  oyster  farming  has  long  been  established  on 
a  large  scale^  but  in  recent  years,  and  because  of  conditions  which  are 
not  yet  fuUy  understood,  there  has  been  a  notable  failure  of  the  setting 
of  seed.  The  planting  industry  now  depends  to  a  very  considerable 
extent  upon  the  importation  of  seed  oysters  from  distant  points ;  and 
the  expense  and  the  uncertainties  are  such  that  leases  of  oyster  bot- 
toms are  continually  being  given  up,  with  consequent  loss  of  revenue 
to  States,  as  well  as  diminution  in  the  production  of  a  valuable  article 
of  food.  The  problem  of  the  failure  of  set  has  therefore  become  one 
of  CTeat  concern  to  State  Governments  as  well  as  to  the  Nation.  It 
is,  nowever.  one  of  great  complexity  and  may  well  receive  the  best 
attention  oi  all  concerned. .     ,  . 

There  are  oyster  industries  in  Pacific  Coast  States  which  are  now 
of  no  little  importance  and  which  may  have  much  greater  signifi- 
cance in  future.  It  is,  therefore^  a  cause  for  regret  that  the  limita- 
tions of  personnel  and  appropriations  have  prevented  the  Bureau 
from  giving  to  these  the  attention  which  they  merit. 

OYSTER  INVESTIGATIONS  IN   LONG  ISLAND   SOUND. 

At  the  temporarv  field  laboratory  at  Milford,  Conn.,  Dr.  E.  P. 
Churchill  and  J.  o.  Gutsell,  scientific  assistants,  continued  the  in- 
vestigations relative  to  the  propagation  of  oysters.  R.  V.  Truitt, 
temporary  assistant  in  oyster  studies,  was  engaged  in  that  laboratory 
for  a  part  of  the  summer,  but  spent  the  greater  part  of  the  season  in 
a  preliminary  reconnoissance  of  the  Chesapeake  Bay  with  reference 
to  oyster  culture.  The  conditions  prevailing  in  the  vicinity  of  Mil- 
ford  were  in  contrast  to  those  in  Great  South  Bay,  Long  Island, 
mentioned  on  another  page.  Water  samples  (usually  50  gaflons  at  a 
time)  were  collected  in  various  localities  from  June  16  to  September 
10,  and,  although  215  such  samples  were  examined,  only  303  oyster 
larvae  in  all  were  encountered.  Four  of  the  samples  yielded  250  of 
these  larvsB,  23  other  samples  gave  small  numbers  (from  1  to  8),  and 
188  were  barren.  (In  Great  South  Bay,  on  the  other  hand,  several 
thousand  larvae  were  sometimes  found  in  one  sample.)  There  being 
no  larvae,  there  was,  of  course,  no  set. 
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The  virtual  absence  of  free-swimming  oyster  larvae  from  the  Mil- 
ford  region  is  believed  to  be  due  to  the  low  temperature  of  the  water, 
which  may  have  prevented  either  the  fertilization  of  the  eggs  or  the 
development  of  those  that  were  fertilized.  The  larvae  found  were 
all  of  the  smallest  sizes.  The  bottom  temperature,  where  the  water 
was  20  feet  or  more  in  depth,  registered  as  hig:h  as  70*^  F.  on  only  one 
occasion.  For  the  remainder  of  the  time  during  the  usual  spawning 
season  of  oysters,  it  ranged  from  65  to  69.6°  F.,  being  usually  about 
68.  Oysters  in  this  region  are  found  to  begin  spawning  at  a  tem- 
perature between  68  and  70°.  It  was  observed  that  oysters  in  the 
deeper  water  did  not  spawn  until  about  the  middle  of  August,  the 
process  continuing  slowly  and  in  patches  over  the  beds  during  the 
rest  of  the  month.  Some  of  the  oysters  apparently  gave  out  no 
spawn  at  all. 

While  the  shallower  water  of  the  coves  and  harbors  warmed  up 
earlier  than  that  outside,  and  the  oysters  there  spawned  earlier,  the 
incoming  tide  was  so  cold  this  season  as  materially  to  affect  the  inside 
waters,  and  oyster  eggs  or*  larvae  carried  from  the  shallow  waters 
doubtless  perished  in  the  cold  water  outside.  In  any  event,  and  cor- 
responding with  the  absence  of  free-swimming  larvae,  as  noted,  no 
set  of  oysters  was  found  or  reported  anywhere  in  Long  Island  Sound. 

As  emphasized  in  the  report  covering  the  season  ot  1918,  the  best 
evidence  obtainable  indicates  that  in  former  years  the  set  was  pro- 
duced in  favorable  seasons  by  natural  inshore  beds  of  oysters  in  warm 
waters  where  spawning  occurred  relatively  early.  AH  are  agreed 
that  such  beds  are  largely  exhausted.  The  result  of  the  Bureau's 
investigations  tends  to  substantiate  the  view  that  the  securing  of  set 
in  commercial  quantities  on  planted  beds,  even  during  favorable 
seasons,  is  contingent  upon  the  restoration  of  the  natural  beds  in 
inshore  waters.  Acting  upon  suggestions  to  this  effect  previously 
offered  by  the  Bureau,  the  State  of  Connecticut  has  appropriated 
$10,000  for  building  up  the  spawning  beds,  and  the  results  of  this 
practical  experiment  may  be  awaited  with  interest. 

WATER  POUiUnON  AS  AFFECTING  GROWTH  AND  BREEDING  OF  OYSTERS. 

It  is  the  inshore  waters  which  are  most  directly  affected  by  pollu- 
tion from  sewage  and  industrial  wastes,  but  indirectly  the  pollution 
may  have  a  stul  more  significant  economic  effect  on  offshore  beds 
even  though  none  of  the  polluting  substances  actually  touch  these 
beds.  It  must  be  remembered  that  oyster  larvae  are  free-swimming  and 
may  be  borne  by  currents  for  some  distances.  The  beds  in  deeper 
waters  are  not  necessarily  self-perpetuative,  but  may  well  have  been 
reseeded  in  former  times  by  set  arising  from  larvae  borne  in  the  waters 
from  breeding  oysters  in  diallow  waters.  Our  observations  have  in- 
dicated, first,  that  successful  propagation  of  oysters  in  the  Long 
Island  region  is  dependent  upon  early  spawning,  which  allows  time 
for  development  to  an  advanced  and  resistant  stage  before  cool 
weather;  second,  that  this  in  normal  years  may  occur  only  in  the 
warmer  waters ;  and  thirdly,  that  spawning  beds  in  shallow  waters 
have  virtually  disappeared,  partly  in  consequence  of  excessive  fishery, 
but  principailly  because  the  excessive  pollutions  have  led  to  the 
general  abandonment  of  such  areas  for  oyster  planting. 
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Conseqnently,  in  approaching  the  vital  problems  of  the  oyster  in- 
dustry oi  this  i-egion  it  is  impossible  to  escape  attack  upon  the  ques- 
tion of  pollutions.  Here  botn  chemical  and  biological  problems  are 
involved.  The  analytical  chemist  ascertains  what  substances  of 
possible  toxic  nature  are  discharged  into  the  waters;  the  biologist 
must  determine  by  experiment  the  effects  of  such  substances  upon 
the  existence  and  growth  of  oysters  and  their  eflBciency  in  breeding, 
and  must  find  the  precise  degree  of  concentration  which  is  injurious; 
finally,  the  engineering  chemist  must  discover  how  such  substances 
may  be  either  eliminated  altogether  from  effluents  or  at  least  kept 
within  the  bounds  of  safety  as  indicated  by  the  biologist. 

Such  investigations  by  analysis  and  experiment  are  now  being 

Erosecuted  by  the  Bureau  of  Fisheries  m  cooperation  with  the 
►ureau  of  Chemistry,  and  probably  something  of  a  more  definite  and 
satisfactory  nature  may  be  embraced  in  a  subsequent  report.    . 

EFFECTS  OF  LOWEBED  OXYGEN  SUPPLY  UPON  OY8TEB8. 

While  the  investigation  of  the  subject  of  pollution  as  affecting 
oysters  is  one  of  some  complexity,  it  is  known  that  one  of  the  most 
immediate  effects  of  pollution,  generally  speaking,  is  the  reduction 
of  the  oxygen  content  in  water.  During  the  summer  ,of  1919  an 
investigation  was  conducted  by  Dr.  P.  H.  Mitchell,  director  of  the 
Fisheries  Biological  Station  at  Woods  Hole,  Mass.,  to  determine  the 
effects  of  lowered  oxygen  content  on  the  survival  of  oysters,  the  work 
being  done  in  both  field  and  laboratory. 

Observations  in  the  field  were  based  upon  a  series  of  small  plants 
of  oysters  in  Seekonk  River,  a  tidal  estuary  at  Providence,  K.  I., 
and  in  Providence  River,  below  the  mouth  of  Seekonk  River.  De- 
terminations of  the  dissolved  oxygen  in  the  water  at  the  locations 
selected  were  made  at  various  times  and  under  various  tidal  and 
weather  conditions.  The  results  indicated  a  substantial  mortality  of 
oysters  where  the  average  dissolved  oxygen  content  was  26  per  cent 
of  saturation  or  less  and  nearly  all  oysters  died  within  a  period  of 
50  days  where  the  percentage  of  saturation  was  less  than  12. 

Observations  in  the  laboratory  were  conducted  by  keeping  oysters 
in  small  containers  furnished  with  sea  water  of  varying  oxygen 
content  and  subject  to  as  definite  control  as  possible.  The  results 
indicated  that  the  minimum  oxygen  content  of  water  that  will  sus- 
tain oysters  during  a  period  of  one  month  is  between  25  and  33 
per  cent  of  saturation.  Further  experiments  are  planned  to  deter- 
mine the  effect  of  lowered  oxygen  supply  upon  the  propagation  of 
the  surviving  oysters. 

Another  series  of  experiments  have  substantiated  the  earlier  find- 
ing's of  copper  storage  as  the  explanation  of  the.  appearance  of  a 
bluish-green  color,  and  recent  results  point  to  a  possible  significant 
relation  between  the  development  of  the  undesirable  blue-green  spots 
and  the  deprivation  of  oxygen. 

OYSTER  INVESTIGATIONS  IN  GREAT  SOUTH  BAT. 

Dr.  Churchill  and  Mr.  Gutsell  completed  a  report  upon  the  spawn- 
ing of  oysters  and  setting  of  oyster  larvae  in  Great  South  Bay,  Long 
Island.    The  conditions  in  this  shallow  bay  offer  a  contrast  to  thos*^ 
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of  the  deeper  water  of  Long  Island  Sound,  where  low  temperatures 
had  prevailed  and  a  failure  of  set  occurred. 

In  Great  South  Bay  the  spawning  season  extended  from  about 
June  5  to  July  17,  the  heaviest  spawning  occurring  July  2  to  6,  and 
the  greatest  abundance  of  larvae  being  found  from  tfuly  7  to  11. 
Spawning  began  about  the  time  the  water  temperature  reached  70° 
I'\,  and  proceeded  briskly  while  it  ranged  from  70  to  76°,  but  slowed 
down  or  ceased  when  the  temperature  fell  to  70  and  68°.  When  the 
water  temperature  rose  to  75°  and  above,  about  July  2  to  6,  the  bulk 
of  the  spawn  was  thrown  out  within  the  course  of  two  or  three  days. 
The  approximate  length  of  the  free-swimming  period  was  12  to  14 
days.  Considerable  mortality  of  the  free-swimming  larvse  followed 
a  sudden  lowering  of  water  temperature  or  the  severe  agitation  of 
the  water  by  storms. 

The  investigation  served  to  throw  considerable  light  on  the  proper 
time  of  planting  cultch  and  the  best  location  of  plants  for  catching 
a  set. 

OYSTER  INVESTIGATIONS  IN  UTTLB  EGG  HARBOR,  N.  J. 

Dr.  T.  C.  Nelson,  assistant  biologist  of  the  New  Jersey  Agricultural 
Experiment  Station,  completed  during  1919  a  six  months'  study  of 
the  food  and  feeding  of  oysters,  miile  this  work,  carried  on  at 
Edge  Cove,  Tuckerton,  N.  J.,  was  primarily  State  work^  yet,  since 
its  beginning  and  continuity  were  made  possible  by  the  cooperation 
of  this  Bureau,  a  summarized  account  of  the  results  attained  is  not 
out  of  place  in  this  connection. 

Studies  of  the  food  of  oysters  were  conducted  from  a  floating  lab- 
oratory anchored  directly  over  the  oysters,  making  it  possible  to  keep 
a  continuous  record  of  the  temperature,  density,  and  rate  of  flow  of 
water,  parallel  with  examination  of  the  food  content  of  oysters. 

The  results  of  the  microscopic  analyses  indicate  that  minute  ani- 
mals may  play  an  important  part  in  the  oyster's  nutrition.  Copepods, 
nauplius  larvae,  ostracods,  gastropod  and  bivalve  veligers,  round 
worms,  rotifers,  and  protozoa  were  found  in  great  numbers.  As  a 
typical  case,  the  contents  of  the  stomach  of  one  oyster  showed  over 
4,000  nauplius  larvae  and  60  large  copepods,  besides  many  protozoans. 
That  these  crustaceans  are  digested  was  shown  by  the  large  number 
of  skeletal  parts  found  in  the  stomach  and  intestine. 

To  study  the  rate  of  growth,  1,000  oysters  were  tagged,  weighed, 
measured,  and  put  out  on  a  fixed  platform  1  foot  above  the  bottom. 
In  130  days  these  oysters  grew  in  some  instances  as  much  as  3  centi- 
meters (1.2  inches),  while  the  increase  in  weight  for  oysters  1  and  2 
years  old  was  from  40  to  60  per  cent.  The  duration  of  feeding  in  the 
oyster  was  determined  by  levers  led  from  the  shell  of  an  oyster  lying 
on  the  bottom  to  an  electrical  recording  instrument  (chimograph) 
above.  The  oyster,  under  natural  conditions,  continued  to  feed  from 
19  to  20  hours  out  of  every  24. 

One  result  of  the  investigation  of  the  oyster's  food  has  been  the 
demonstration  of  the  large  part  played  by  organisms  growing  on  the 
oyster's  shell.  On  the  shell  of  one  oyster  5  inches  long  were  found 
diatoms  in  number  computed  to  be  over  56,000,000.  Oysters  covered 
with  external  growths  may  be  partly  independent  of  the  actual  food 
content  of  the  water  flowing  over  them. 
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OYSTERS  IN  VIRGINIA  WATERS  ENDANGERED  BY  FUEL  OIL. 

In  the  early  part  of  1919  the  escapement  of  fuel  oil  upon  the 
waters  of  Hampton  Roads  so  affected  the  condition  and  flavor  of 
planted  oysters  as  to  make  th^m  unmarketable  for  a  time  and  to 
cause  sul^antial  financial  losses.  In  the  latter  part  of  1919,  in 
response  to  reports  that  fuel  oil,  presumably  discnarged  from  oil 
tankers,  was  again  threatening  the  oyster  beds  in  Hampton  Koads, 
the  Bureau  detailed  an  assistant  to  cooperate  with  the  Navy  Depart- 
ment in  an  investigation  of  the  matter.  After  consultation  with  the 
captain  of  the  port  and  several  oyster  planters,  and  after  inspection 
of  the  water  of  Hampton  Roads,  it  was  found  that  at  that  time  oil 
was  not  being  discharged  into  the  waters  in  sufficient  quantities  to 
menace  the  oysters.  Strict  orders  forbidding  the  practice  had  been 
issued  some  time  previous  by  the  captain  of  the  port,  and  these  were 
apparently  being  enforced  in  such  a  way  as  to  ODviate  injury  to  the 
oysters. 

There  have,  however,  been  several  subsequent  complaints,  and, 
after  repeated  attempts  to  render  assistance  through  investigation, 
the  Bureau  found  it  advisable  to  refer  the  matter  to  the  Department 
of  Justice,  which  has  taken  appropriate  action  for  the  institution  of 
legal  proceedings  upon  complaints  properly  filed  with  the  local 
United  States  attorney.  It  is  understood  that  some  convictions  have 
been  secured. 

OYSTER    INVESTIGATION    IN    THE    YORK    RIVER. 

The  investigation  of  the  poor  condition  of  oysters  prevailing  in  a 
section  of  the  York  River,  Va.,  since  1914,  was  brought  to  a  conclusion 
during  the  year.  The  oysters  have  been  consistently  poor  and  watery 
and  veiy  generally  affected  with  blue-green  spots.  Examination  of 
the  fooa  content  or  the  water  revealed  a  condition  of  relative  sterility. 
A  special  endeavor  was  made  to  determine  the  validity  of  the  local 
belief  that  the  trouble  originated  from  toxic  chemicals  discharged 
from  an  industrial  plant  located  on  the  banks  of  the  river.  With  the 
cooperation  of  the  Bureau  of  Chemistry,  observations  were  made  at 
intervals  over  a  period  of  nearly  a  year,  yet  nothing  was  found  in  the 
effluents  from  the  mill  which  could  materially  affect  the  oyster  beds 
in  any  direct  way.  The  trouble  appears  to  rest  upon  the  deficiency 
of  food  supply,  but  neither  the  biological  nor  the  chemical  studies 
served  to  fix  a  specific  cause  for  the  lack  of  food.  The  condition  is 
presumed  to  result  from  natural  causes  which  are  at  present  obscure 
and  therefore  beyond  control. 

REPORT  ON  THE  OYSTER  INDITSTRY. 

In  the  course  of  the  year  there  was  completed  and  sent  to  press  a 
report  comprising  for  public  information  a  full  account  of  the  present 
condition  and  practices  of  the  eastern  oyster  industry,  both  as  it  is 
based  upon  the  exploitation  of  public  oyster  beds  and  as  it  manifests 
itself  in  the  various  phases  of  commercial  oyster  culture.®    The  report 

•  Cbnrehni,  B.  P.,  Jr. :  The  Oyster  and  the  Ovster  Industry  of  the  Atlantic  and  Gulf 
Coasts.  Appendix  VIII,  Report,  U.  S,  Commissioner  of  Fisheries,  1919,  61  pp.  Wash- 
ington, 1920. 
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is  published  in  response  to  the  frequent  demands  upon  the  Bureau 
for  information  of  the  character  furnished  by  it. 

FRESH-WATER   MUSSELS. 

The  Bureau  continued  the  propagation  of  fresh-water  mussels  and 
investigation  of  problems  affecting  the  mussel  industries.  The  num- 
ber of  glochidia  infected  upon  fish  and  liberated  in  the  public  waters 
was  substantially  greater  than  in  the  preceding  year,  and  the  unit 
cost  per  thousand  correspondingly  lower.  The  results  of  artificial 
propagation  are  detailed  in  another  report.® 

EXPERIMENTAL    WORK.     ' 

Notable  results  were  obtained  in  the  experiments  conducted  at  the 
Fairport  station  in  rearing  young  mussels.  The  methods  of  arti- 
ficial propagation,  as  regularly  practiced,  consist  in  liberating  the 
fish  immediately  after  infection,  so  that  cultural  operations  are  not 
involved.  In  the  effort  to  improve  upon  the  established  practices, 
experiments  have  been  conducted  during  several  seasons  in  retaining 
infected  fish  during  a  period  of  two  or  three  weehs,  until  the  juvenile 
mussels  are  liberated,  and  then  holding  the  young  mussels,  which  at 
first  are  of  microscopic  dimensions,  until  they  have  attained  a-  size 
(say  one-half  an  inch  in  length)  permitting  of  their  being  handled 
with  convenience  and  planted  deliberately  upon  bottoms  which  are 
known  to  be  suitable.  Simple  as  the  task  is  in  the  stating,  peculiar 
difficulties  are  encountered,  and  its  accomplishment  had  baffled  all 
previous  attempts  in  this  country  and  elsewhere.  Before  the  past 
year  a  measurable  degree  of  success  had  been  attained  at  Fairport 
with  one  species  of  mussel  (the  Lake  Pepin  mucket).  During  the 
summer  of  1919,  the  experiments  conducted  by  Dr.  F.  H.  Reuling  led 
to  the  rearing  of  two  additional  species  (yellow  sand-shell  and  river 
mucket)  in  considerable  quantities  in  small  troughs  supplied  with 
naturally  clarified  river  water. 

Experiments  having  a  somewhat  similar  object  were  conducted  in 
Lake  l^epin  by  Roy  S.  Corwin,  scientific  assistant.  Here  young  mus- 
sels originating  from  artificial  infections  were  reared  in  considerable 
quantities  within  inclosures  on  the  bottom  of  the  lake  in  relatively 
snallow  water.  Other  experimente  conducted  at  this  place  gave  indi- 
cation that  glochidia  carried  over  in  the  marsupia  from  the  preceding 
year  endured  a  shorter  period  of  parasitism  than  those  taken  from 
the  marsupia  in  the  same  season  in  which  the  eggs  were  deposited. 

Dr.  L.  B.  Arey,  of  Northwestern  University  Medical  School,  investi- 
gated the  relations  of  glochidia  to  host  as  regards  attachment  and 
encystment,  and  the  results  of  his  investigations  have  been  submitted 
for  publication  in  another  place. 

PROTECTION  OF  MUSSELS. 

In  January,  1920,  at  La  Crosse,  Wis.,  the  Bureau  participated 
with  officers  of  the  Wisconsin  Conservation  Commission  and  the 
Minnesota  Fish  and  Game  Commission  and  other  interested  persons 

•  Smith,  Hugh  M. :  Reportt  U.  S.  Commissioner  of  Fisheries,  1020.     Washington,  1920. 
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in  a  conference  relative  to  the  protection  of  fresh-water  mussels. 
Acting  upon  the  authority  provided  by  recent  concurrent  legisla- 
tion, it  was  determined  to  close  against  commercial  shelling  for  a 
period  of  five  years  certain  sections  of  the  Mississippi  River  border- 
ing the  two  States  represented  in  the  conference.  Tlie  purpose  is  to 
allow  opportunity  for  natural  recuperation  of  the  beds  and  to  create 
favorable  conditions  for  the  artificial  propagation  of  mussels. 

After  several  years  of  earnest  effort  by  various  persons  and  agencies, 
in  which  the  Bureau  of  Fisheries  has  played  a  leading  part,  concurrent 
legislation  for  the  protection  of  fresh- water  mussels  has  been  enacted 
in  the  four  States  which  control  the  principal  mussel-producing  por- 
tions of  the  Mississippi  River.  It  is  hoped  that  the  practical  steps 
now  being  taken  to  give  effect  to  that  legislation  will  result  in  a 
marked  recuperation  of  mussel  beds  which  have  been  exhausted  or 
seriously  depleted. 

PUBLICATION  OF  REPORTS; 

In  the  course  of  the  fiscal  vear  there  has  appeared  a  document  of  the 
Bureau  describing  in  detail  the  commercial  fresh- water  mussels,  the 
implements  and  practices  of  the  mussel  fisherv,  and  the  machinery 
and  methods  of  manufacture  of  buttons  from  the  shells.**  There  has 
also  been  completed  and  submitted  for  publication  a  general  account 
of  the  natural  history  and  propagation  of  the  mussels.^  These  papers 
are  issued  in  response  to  a  regular  demand  for  the  varied  informa- 
tion contained  in  them,  and  with  a  view  to  disseminating  such  knowl- 
edge of  the  resources  and  industries  and  the  conditions  of  their  per- 
petuation as  will  stimulate  the  adoption  of  measures  and  practices 
whereby  unnecessary  waste  may  be  avoided  and  the  future,  as  well  as 
the  present,  may  be  served. 

OCEANOGRAPHIC   AND    LIMNOLOGICAL   STUDIES. 
WORK   OP  THE   ALBATROSS. 

The  oceanographic  and  fishery  work  of  the  steamer  Albatross  had 
been  entirely  abandoned  for  the  period  of  the  war,  and  the  vessel 
was  en^ged  exclusively  in  the  service  of  the  Navy  Department. 
Some  cnanges  in  the  vessel  had  naturally  been  made  to  adapt  her 
to  military  service,  but,  before  the  return  of  the  vessel,  that  depart- 
ment restored  such  features  of  plan  and  equipment  as  were  desired 
by  the  Bureau.  At  the  same  time  the  Bureau,  at  its  own  expense, 
developed  the  fixed  equipment  of  the  vessel,  so  that  she  is  now  better 
fitted  than  ever  before  for  fishing  trials.  The  new  equipment  con- 
sists principally  of  a  more  powerful  steam  winch  and  other  necessary 
fixtures  for  operating  fishing  trawls.  There  have  also  been  pur- 
chased and  placed  upon  the  boat  a  series  of  otter  trawls  and  other 
fishing  gear. 

■  Coker,  R.  E. :  Fresh- Water  Mussels  and  Musnel  IndustrleR  of  the  United  RtnteH. 
Balletin.  U.  8.  Bureau  of  FiBberiefi,  Vol.  XXXVI,  1917-18,  pp.  11-89.  Washington. 
1910. 

•Coker,  R.  E.,  Shlra.  A.  F.,  Clark,  H.  Walton,  and  Howard,  A.  D. :  Natural  History 
and  Propantion  of  Fresh-Water  Mussels.  Bulletin,  U.  S.  Bureau  of  Fisheries,  Vol. 
XXXVll,n%lt^20.    In  press. 
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The  greatest  obstacle  to  the  oceanographic  work  of  the  vessel  has 
been  the  impossibility  up  to  the  present  time  of  maintaining^ an 
adequate  supply  of  dependable  reversing  thermometers  for  taking 
temperatures  at  varying  depths.  No  American  manufacturer  is  yet 
in  position  to  furnish  thermometers  that  meet  the  precise  require- 
ments for  deep-sea  work^  and  it  is  only  after  considerable  delay  that 
a  limited  number  of  satisfactory  instruments  have  been  obtained  in 
London  and  Copenhagen. 

The  operations  of  the  Albatross  during  the  fiscal  year  covered  two 
principal  cruises.  The  first,  beginningoff  Cape  Henry  at  the  close  of 
October,  1919,  extended  as  far  as  the  Yucatan  Channel  in  the  south. 
The  investigations  aboard  the  vessel  were  directed  by  Mr.  W.  W. 
Welsh,  scientific  assistant.  Biological  and  physical  oceanographic 
stations  were  occupied  on  four  sections  across  the  Gulf  Stream  between 
Cape  Henry  and  Key  West;  across  Florida  Strait,  between  Key  West 
ana  Habana ;  from  Habana  to  Cape  San  Antonio,  at  the  western  end 
of  Cuba ;  across  the  Yucatan  Channel  to  Cape  Catoche ;  and  from  Cape 
Catoche  to  Dry  Tortugas.  Considering  that  the  ship  had  been  but 
recently  placed  in  commission  in  the  Fisheries  Service,  after  having 
done  duty  in  the  Navy  for  two  years,  that  much  of  her  gear  was  new, 
and  that  practically  her  entire  personnel  was  inexperienced  in  work 
of  this  character,  her  performance  was  regarded  as  satisfactory. 
The  work  is  intended  as  a  contribution  to  a  scientific  basis  for  fishery 
investigations  by  the  ship  during  the  next  two  years. 

On  J  ebruary  18,  after  having  undergone  repairs  at  Baltimore,  the 
Albatross  sailed  from  Norfolk  for  Boston,  to  make  headquartei-s  for 
fishery  and  oceanographic  investigations  in  the  Gulf  of  Maine.  On 
the  trip  to  Boston  she  made  three  hauls  with  a  60-foot  otter  trawl 
in  the  vicinity  of  the  100-fathom  curve,  with  the  purpose  of  deter- 
mining the  occurrence  of  tilefish  and  other  ground  nsh  off  the  middle 
Atlantic  coast.  The  results  were  negative.  She  also  occupied  a  series 
of  hydrographic  stations  on  a  line  across  Georges  Bank.  The  vessel 
was  engaged  in  the  investigation  of  the  Gulf  of  JVIaine  until  the  latter 
part  of  April,  after  which  she  prosecuted  a  search  for  spawning  had- 
dock in  Massachusetts  Bay  and  returned  to  Baltimore  to  lay  up  for 
necessary  repairs.  •  This  work  was  in  continuation  of  investigations 
begun  in  the  same  waters  by  the  Grampus  in  1912,  and  is  under  the 
direction  of  Dr.  H.  B.  Bigelow,  of  the  Museum  of  Comparative 
Zoology,.  Cambridge. 

The  hydrographic  and  dredging  records  obtained  on  those  cruises 
with  all  previous  unpublished  records  of  the  vessel  have  been  pre- 
pared for  printing  and  will  appear  at  an  early  time.  The  recent 
work  of  the  Albatross  in  the  Atlantic  Ocean  and  Gulf  of  Mexico  has 
been  guided  by  the  deputy  commissioner^  Dr.  H.  F.  Moore,  who  will 
be  able  to  coordinate  many  of  the  activities  of  this  vessel  with  the 
observational  work  done  under  the  International  Ice  Patrol  Board, 
of  which  he  is  a  member.  Prior  to  the  fall  of  1919  the  Albatross 
had  not  worked  in  the  Atlantic  since  1887. 

SURVEY  IN  CHESAPEAKE  BAY. 

The  biological  and  physical  examination  of  the  Chesapeake  Bay, 
begun  some  years  ago  and  interrupted  by  the  conditions  of  war,  has 
been  resumed  under  the  immediate  supervision  of  Dr.  R.  P.  Cowles 
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as  temporary  investigator.  The  chief  purpose  is  to  determine  the 
normal  biological  and  physical  conditions  throughout  the  year.  This 
done,  there  would  then  be  normal  data  at  hand  from  which  to  deter- 
mine the  abnormal  conditions  which  bring  about  such  serious  mor- 
talities of  fish  or  oysters  as  have  occurred  in  previous  years.  The 
survey  should  reveal  all  that  is  possible  regarding  the  movements 
of  layers  of  water  of  diflFerent  densities,  different  temperatures,  and 
different  fish-food  values,  and  should  indirectly  throw  light  upon  the 
migrations  of  fish  and  crabs  into  or  about  the  Bay.  Special  attention 
will  be  given  to  the  "  deep  holes  "  and  to  the  alleged  barren  bottoms 
at  the  mouths  of  rivers,  and,  through  the  collection  of  bottom  de- 
posits and  the  collaboration  of  the  United  States  Geological  Survey, 
mformation  of  value  to  geologists  will  be  secured.  In  general  the 
purpose  is  to  gather  as  much  as  possible  of  the  data  which  are  essen- 
tial for  the  conservation  and  development  of  the  fisheries  of  this 
important  body  of  water. 

BIOLOGICAL  AND  PHYSICAL  STUDIES  OF  INLAND  LAKES. 

The  Bureau  has  continued  to  cooperate  with  the  Wisconsin  Bio- 
logical and  Natural  History  Survey  in  the  studies  of  the  fundamental 
conditions  of  inland  lakes.  The  principal  burden  of  these  investi- 
gations is  borne  by  the  State,  but  it  is  not  out  of  place  to  present  here 
a  brief  statement  of  the  status  of  the  work,  based  upon  a  progress 
report  submitted  by  President  E.  A.  Birge  and  Mr.  Chancey  Juday. 
Bulletins  on  the  plankton  algae^  on  gravimetric  and  chemical  analy- 
ses of  the  plankton  of  the  lakes  m  the  vicinity  of  Madison,  and  on  the 
bottom  fauna  in  deeper  water  of  Lake  Mendota  are  now  substantially 
or  entirely  completed.  These  reports  comprise  descriptions  of  many 
of  the  plankton  elements  and  other  units  of  fish-food  supply,  data 
regarding  chemical  composition  (the  basis  of  food  value),  and  meas- 
ures and  computations  of  the  quantities  of  the  crops  of  organisms 
which  maintain  the  productiveness  of  lakes  in  fish.  Studies  of  the 
bacteria  of  Lake  Mendota  are  in  progress. 

MISCELLANEOUS    STUDIES. 
REDDENING  OF  SALT  FISH. 

The  salt-fish  industry  of  the  United  States  suffers  a  large  annual 
loss  as  a  result  of  the  salt  fish  developing  a  red  coloration  when  stored 
under  moist  conditions.  Investigations  conducted  for  the  Bureau  by 
Eh*.  W.  W.  Browne  indicate  that  the  development  of  the  red  colora- 
tion is  due  to  the  growth  of  two  microorganisms,  whose  probable 
origin  is  the  sea  salt  in  which  the  fish  are  cured.  This  coloration 
may  vary  from  a  pale  pink  to  a  deep  crimson.  The  pale  pink  colora- 
tion is  produced  as  a  result  of  the  growth  of  a  spirochete  and  the 
deep  red  by  a  bacillus  form;  these  two  organisms  may,  however, 
grow  in  such  close  harmony  that  the  pigmentation  may  vary  from 
a  pale  pink  to  red.  It  was  formerly  thought  that  the  varied  pig- 
mentation was  due  to  varied  dilutions  of  the  red  pigment.  The  sepa- 
ration of  the  two  organisms  is  very  difficult  owing  to  this  close  union. 

The  optimum  concentration  of  salt  for  the  growth  of  these  micro- 
organisms seems  to  be  saturation.    Th^  grow  well  on  heavily  salted 
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fish,  brine,  salt  piles,  and  fish  agar  saturated  with  salt.  No  growth 
appears  on  media  containing  less  than  15  per  cent  salt,  by  we^ht. 
Due  to  their  sensitiveness  to  changes  in  density,  staining^of  these  oac- 
teria  for  microscopical  examination  is  very  difficult.  The  morphol- 
ogy or  shape  of  the  organisms  depends  upon  the  concentration  or  salt 
in  the  medium,  vai^ng  from  the  largest  form  (14-16  micra),  found 
in  heavily  saturated  media,  to  the  spherical  form  (2  micra  diameter) 
in  media  of  16  per  cent  concentration.  Likewise  all  intermediate 
forms  are  present  in  the  concentrations  between  15  per  cent  and  sat- 
uration. The  amount,  character,  and  pi^entation  of  the  colonial 
does  not  seem  to  be  affected  by  the  varying  changes  in  the  concen- 
tration of  salt. 

The  most  favorable  temperature  for  the  growth  of  both  the  spiro- 
chete and  the  bacillus  is  between  50  and  60°  C,  indicating  the  salt 
lagoons  of  the  Tropics  as  the  probable  source  of  the  infection.  Sun- 
light is  not  germicidal  to  these  organisms^  and  this  also  points  to 
their  tropical  origin,  where  the  pigmentation  is  required  as  a  pro- 
tection against  the  bright  sunlight:  ordinary  bacteria  are  killed  by 
IQ  minutes'  exposure  to  bright  sunlight.  Influenced  by  age,  bv  the 
accumulation  of  their  own  metabolic  products,  and  particularly  by 
low  temperatures,  both  organisms  suffer  a  temporary  loss  of  pigmen- 
tation. During  this  loss  the  formation  of  the  so-called  "  coccoid 
bodies  "  is  noted  in  the  pink  spirochete.  No  change  in  the  shape  of 
the  bacillus  during  the  absence  of  pigment  has  l^en  noted.  After 
transplantation,  both  pigmentation  and  the  regular  vegetative  form 
is  resumed. 

All  results  indicate  that  the  causative  agents  of  this  troublesome 
and  costly  coloration  have  been  discovered  and  that  their  original 
source  is  the  solar  evaporated  sea  salt  in  which  the  fish  are  cured. 
Both  European  and  American  sea  salts  are  infected.  Mined  or  do- 
mestic salt  seems  to  be  free  of  their  presence.  Any  method  devised 
for  the  elimination  of  this  reddening  of  salted  fish  must  be  based 
upon  either  the  proper  disinfection  of  the  sea  salt  before  use  or  the 
substitution  of  mined  or  domestic  salt  which  is  free  of  infection.  In 
either  case  a  thorough  disinfection  of  the  salt  fish  plants  and  equip- 
ment is  essential,  since  at  the  present  time  all  are  highly  infectefd. 
It  would  be  useless  to  dump  sterilized  salt  or  even  mined  salt  into  a 
highlv  infected  plant  or  to  bring  unsterilized  salt  into  a  thoroughly 
disinfected  plant. 

With  this  knowledge  of  the  life  history  of  the  organisms,  the  con- 
ditions essential  for  their  growth,  and  the  sources  of  infection,  the 
Bureau  already  has  under  way  experiments  to  determine  the  best 
and  most  practical  means  of  eradicating  a  most  troublesome  factor 
from  the  salt-fish  industry.  During  the  entire  series  of  experiments 
the  Bureau  has  had  the  hearty  cooperation  of  the  salt-fish  industries. 

LOGATIOK  OF  FISH  FBOM  AIRGRAFT. 

In  July,  1919,  in  cooperation  with  the  Naval  Aviation  Service, 
W.  W.  Welsh,  a  scientific  assistant  in  this  Bureau  with  naval  experi- 
ence, made  a  flight  at  Cape  May^  N.  J.,  to  determine  the  possibilities 
of  scouting  for  schooling  fish  with  the  aid  of  aircraft.  The  results 
of  this  trial  were  very  favorable,  but,  since  the  development  of  the 
method  and  its  application  to  the  fisheries  lies  properly  within  the 
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sphere  of  activity  of  another  office  of  the  Bureau,  the  further  history 
of  the  matter  does  not  pertain  to  this  report. 

JELLY  FROM    SEAWEEDS. 

During  last  summer  Prof.  Irving  A.  Field  conducted  for  the 
Bureau,  m  connection  with  the  Woods  Hole  laboratory^  investiga- 
tions concerning  the  feasibility  of  deriving  from  marine  algse  a 
gelatin  suitable  for  use  in  the  preservation  of  fish.  The  experiments 
of  commercial  packers  have  previously  indicated  that  animal  gelatins 
liquefied  at  such  low  temperatures  that  they  could  not  be  employed 
for  this  purpose.  The  jelly  is  not  ordinarily  used  as  a  preservative 
in  a  strict  sense,  but  as  a  medium  in  which  the  preserved  fish  are 
held  and  prevented  from  breaking  to  pieces  in  shipment. 

Of  all  tne  alg»  of  the  New  England  coast  employed  in  the  investi- 
gation only  the  Irish  moss  (Chondrua  crispus)  yielded  gelatin — or, 
more  correctly,  ^elose — ^in  commercial  quantities.  It  was  found  that 
Irish  moss  contained  79  per  cent  water  and  that  the  desiccated  mate- 
rial was  approximately  65  per  cent  gelose.  The  gelatinous  extract 
from  Irish  moss  is  commonly  known  as  "  caragenin,"  but  Dr.  Field^s 
experiments  indicate  that  it  is  closely  comparable  to  agar-agar. 
Agar-agar  is  made  in  Japan  from  another  seaweed,  Gelidlimb  cor- 
neum^  which  is  found  to  some  eictent  on  our  Pacific  coast  and,  in 
limited  quantities,  on  the  Atlantic  coast. 

The  investigation  developed  provisional  methods  of  preparation 
of  caragenin,  and  a  series  of  tests  showed  that  1^  grams  of  the  dried 
extract  added  to  a  14-ounce  can  of  fish  was  sufficient  to  form  a  firm 
jelly  that  prevented  such  soft  fish  as  whiting  and  herring  from  break- 
ing to  pieces  when  subjected  to  the  rough  treatment  of  being  trans- 
ported 400  miles  in  the  back  of  an  automobile.  Thejelly  in  no  way 
unpaired  the  condition  or  the  flavor  of  the  fish.  The  preparation 
of  the  jelly  in  a  form  satisfactory  for  commercial  uses  remains  to  be 
investigated  to  a  further  stage.  Other  problems  arising  from  the 
mvestigation  relate  to  the  decolorizing  and  purification  of  the  jelly 
to  adapt  it  for  other  possible  uses.  Experiments  will  also  be  made 
with  other  seaweeds  from  both  coasts  of  the  United  States. 

UTILIZATION  or  FBESH- WATER  TURTLES. 

A  relatively  imutilized  food  resource  is  found  in  the  several  species 
of  turtles  of  our  fresh-water  streams  and  lakes,  notwithstanding  that 
their  near  relative,  the  diamond-back  terrapin  of  the  sea  coast  (not 
to  mention  the  highly  prized  green  turtle  of  the  ocean)  is  the  greatest 
delicacy  of  the  fish  markets.  In  the  endeavor  to  direct  proper  atten- 
tion to  this  source  of  meat  supply  and  to  furnish  the  information 
requested  by  many  correspondents^  assistants  were  designated  to  in- 
vestigate market  and  fishery  conditions,  particularly  in  the  Missis- 
sippi Basin.  The  report  by  H.  Walton  Clark,  scientific  assistant, 
and  J.  B.  Southall,  shell  expert,  comprises  information  regarding  the 
distribution  and  habits  of  the  most  useful  species,  an  account  of  the 
seasons  and  methods  of  capture  and  marketing,  and  data  concerning 
the  preparation  of  the  meats  for  use  as  food.®    The  report  will 

^  « Clark,  H.  Walton,  and  John  B.  Southall.  Fresh-Water  Turtles:  A  Source  of  Meat 
Snppljr.  Appendix  VII,  Beport,  U.  8.  Commissioner  of  Flahertea,  1919,  20  pp.  Wash- 
ington, 1920. 
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undoubtedly  serve  a  useful  purpose  in  promoting  the  utilization  of 
an  available  source  of  food  and  thereby  will  contribute  to  the  pre- 
vention of  waste  of  the  Nation's  food  supply. 

UTILIZATION  OF  FROGS. 

The  daily  correspondence  of  the  Bureau  has  indicated  for  a  long 
time  the  widespread  interest  in  frogs,  their  utilization  and  prop- 
agation, and  their  elimination  from  localities  where  they  are  not 
desired.  Nevertheless  the  Bureau  has  not  yet  felt  justified  in  divert- 
ing to  experiments  in  frog  culture  facilities  which  are  required  for 
other  useful  purposes,  especially  in  view  of  the  extensive  natural 
resources  in  frogs  which  are  not  now  fully  availed  of.  It  has  been 
deemed  distinctly  worth  while,  however,  to'  acquire  as  full  knowledge 
as  possible  of  the  useful  species,  their  habits,  conditions  of  life,  breed- 
ing, life  history,  food,  and  enemies,  as  well  as  of  the  methods  of 
capture  employed.  The  report  by  Dr.  A.  H.  Wright,  temporary  in- 
vestigator, went  to  press  during  the  year.***  With  this  handbook  the 
frog  fisher  or  the  prospective  f rog-culturist  may  readily  identify  the 
frogs  in  any  stage — eggs,  larvae,  tadpoles,  or  adults — and  may  be 
guided  in  the  selection  of  environments  for  fishing  or  propagation. 

THE  BIOLOGICAL  LABORATORIES. 

The  Navy  Department  having  withdrawn  from  the  Woods  Hole 
j^Mass.)  station,  the  laboratory  was  reopened  at  the  beginning  of  the 
nscal  year,  with  Dr.  P.  H.  Mitchell  as  oirector.  With  a  limited  staflf, 
investigations  were  pursued  with  reference  to  oysters  (p.  21),  gelatin 
from  seaweeds  (p.  29),  the  reddening  of  salt  fish  (p.  27),  and  the 
food  and  the  parasites  of  fishes  (pp.  18  and  19),  the  results  of  which 
have  previously  been  indicated.  Some  experiments  were  also  con- 
ducted by  Dr.  F.  E.  Chidester  to  determine  some  of  the  factors  which 
influence  the  migrations  of  fishes  and  the  behavior  of  fish  in  presence 
of  certain  chemicals.  A  miniature  river  system  was  employed,  in 
which  the  fish  were  given  a  choice  between  two  tributaries  having 
water  supply  of  different  nature  or  current  of  different  rates.  It  was 
found  that  the  behavior  of  the  fish  varied  according  to  season  or  con- 
dition of  the  animal,  and  particularly  according  to  the  rate  of  flow 
of  the  water;  but — given  a  proper  condition  of  stream  flow,  the  first 
were  repelled  by  some  salts  ana  attracted  by  others.  The  results  will 
be  published  after  further  experiments  are  made. 

The  Beaufort  (N.  C.)  laboratory,  after  occupancy  by  the  Navy, 
since  January,  1918,  was  turned  over  to  the  Bureau  of  Fisheries 
shortly  aftfer  the  beginning  of  the  fiscal  year.  Since  that  time  many 
necessary  repairs  and  renewals  have  been  made  both  by  the  Navy 
Department  and  by  this  Bureau.  The  date  of  the  station's  return  pre- 
vented its  opening  on  the  usual  scale  for  investigational  work  during 
the  summer  and  fall.  Small  salaries  have  tended  to  making  the 
personnel  changeable  and  have  prohibited  the  beginning  of  any  broad 
investigational  project.  O.  W.  Hyman  served  as  acting  director 
during  the  summer  and  until  the  director,  K.  L.  Barney,  who  was  still 

« Wright  A.  H.  Frogrs:  Their  Natural  and  Utilisation.  Appendix  VI,  Report, 
U.  S.  Commissioner  of  Flsneries.  1919,  44  pp.    Washington,  1920. 
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absent  on  detail,  could  be  returned  to  duty  at  the  station.  The  di- 
rector and  three  assistants,  each  of  the  latter  for  short  periods,  have 
devoted  themselves  to  the  preparation  of  a  comprehensive  report  of 
the  results  of  the  experimental  work  on  the  propagation  of  the 
diamond-back  terrapin.  Attention  has  been  given  also  to  a  study  of 
a  bacterial  disease  of  the  winter- fed  yearling  terrapin  of  the  experi- 
mental broods.  One  temporary  investigator  has  been  engaged  in  the 
study  of  the  life  histories  of  crabs  of  the  Beaufort  region. 

At  the  Fairport  (Iowa)  biological  station  (A.  F.  Shira,  director)  a 
notable  event  of  the  year  was  the  construction  of  the  new  laboratory 
authorized  by  the  Congress  to  replace  the  former  building  destroyed 
by  fire  in  December,  1917.  The  building  which  was  nearly  ready  for 
occupancy  at  the  close  of  the  fiscal  year  is  virtually  fireproof,  credit- 
able in  appearance,  and  admirably  adapted  for  the  purposes  to  be 
served.  It  contains  laboratory  space  for  all  needs  that  are  expected 
to  develop  in  the  near  future.  In  all,  $95,000  has  been  appropriated 
for  construction  and  equipment,  and.  as  the  building  cost  about 
$83,000,  there  remained  approximately  $12,000  available  for  furniture 
ana  equipment,  including  the  purchase  of  the  necessary  scientific 
apparatus  and  books.  Before  the  close  of  the  year  srufficient  equip- 
ment had  been  ordered  to  make  it  possible  to  occupy  and  use  the  build- 
ing as  soon  as  it  could  be  accepted  from  the  contractors. 

The  experimental  work  of  the  Fairport  station  in  relation  to 
fish  culture  (p.  13)  and  mussels  (p.  24),  the  service  in  promoting 
the  protection  of  mussels  (p.  24) ,  and  the  investigation  of  the  utili- 
zation of  turtles  (p.  29)  have  been  referred  to.  Field  investigations 
were  conducted  in  western  Montana,  where  scattering  mussels  were 
found  in  the  Musselshell  River,  though  not  in  quantities  permitting  of 
commercial  exploitation.  Experiments  were  made  in  transplanting 
mussels  to  eastern  waters.  Progress  was  made  in  reporting  upon  the 
biological  survey  of  Andalusia  Uhute,  and  an  examination  of  portions 
of  Lake  Keokuk  was  undertaken.  Studies,  which  were  conducted  at 
the  station  and  not  hitherto  mentioned  in  this  report,  relate  to  the 
food  of  mussels  (by  H.  W.  Clark)  and  the  acanthocephalid  parasites 
of  fishes  (bvDr.  H.  J.  Van  Cleave). 

At  Key  West,  Fla.  (S.  F.  Hildebrand,  director),  attention  was 
devoted  to  construction  and  equipment  of  the  biological  station  pro- 
vided for  that  place.  Owing  to  the  lack  of  funds  and  the  high  cost 
and  scarcity  of  material  and  labor  only  one  permanent  structure,  a 
concrete  water  tower  containing  three  tanks,  was  built.  A  small 
electric-light  plant  and  two  pumping  units,  one  for  salt  and  one  for 
fresh  water,  were  installed.  Nets,  glassware,  and  microscopes  were 
added  to  the  station's  equipment  for  conducting  investigations.  The 
grounds  were  graded  in  part  and  improved  by  planting,  and  a  metal 
flag  staff  was  erected  at  a  central  and  prominent  point  on  the  reser- 
vation. 

The  station  was  visited  by  a  severe  hurricane  on  September  9  and 
10  which  worked  some  damage  to  buildings  and  grounds  and  occa- 
sioned some  expense  in  repairs  to  buildings  and  in  regrading  of 
CTounds.  It  was  not  noticed  that  the  storm  had  any  effect  upon  the 
local  fisheries,  except  that  so  many  of  the  boats  in  the  vicinity  were 
wrecked  that  few  fishermen  were  able  to  continue  their  occupation 
for  some  time;  those  that  were  able  to  go  out  obtained  the  usual 
catches. 
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Many  collecting  trips  were  made  and  observaticms  gathered  re- 
garding the  life  histories  and  habits  of  fishes.  An  attempt  was 
made  to  build  up  a  representative  series  of  the  local  fish  fauna  for 
future  reference.  Several  species  were  obtained  which  had  not 
hitherto  been  recorded  from  tne  vicinity  of  Key  West.  Observations 
of  the  markets  were  regularly  made  and  reported,  and  it  was  found 
that,  regardless  of  the  nandicap  occasioned  by  the  hurricane  which 
destroyed  or  damaged  many  fishing  boats,  the  catch  of  fish  during 
the  fiscal  year  1920  was  greater  Uian  during  the  preceding  year, 
the  increase  applying  particularly  to  kingfish  and  Spanish  mackerel. 

Investigation  of  the  spawning  of  the  mullet,  MuqU  cephalua^  was 
made  in  the  vicinity  of  the  Ten  Thousand  Islands  in  December  and 
January,  but,  although  both  nearly  ripe  and  spent  fish  were  found 
in  course  of  the  investigation,  definite  information  of  the  time,  place, 
and  manner  of  spawning  was  not  forthcoming.  Observations  upon 
the  spiny  lobster  were  continued  as  long  as  was  practicable. 

Examination  was  made  of  the  quahaug  or  hard-clam  beds  in  the 
vicinity  of  the  Ten  Thousand  Islands  and  many  data  were  obtained 
in  regard  to  the  abundance  of  clams,  the  manner  and  methods  of 
catching  them,  and  their  commercial  utilization.  The  investigation 
revealed  the  presence  of  such  extensive  resources  in  clams  in  this 
vicinity  that  an  economic  circular  was  prepared  and  issued  by  the 
Bureau  to  the  trade.® 

All  positions  connected  with  the  Key  West  station,  except  that  of 
engineer,  became  vacant  in  the  course  of  the  year,  and  the  scientific 
work  was  therefore  brought  to  a  close  in  February.  Since  that  time 
the  station  has  remained  inactive  and  in  the  charge  of  the  engineer 
as  cp,retaker.  Regular  incumbents  for  the  positions  at  this  station, 
including  that  of  superintendent,  have  been  unobtainable  through  the 
Civil  Service  Commission. 

•  Clam  Resources  of  tbe  Ten  Thousand  Islauds,  Fla.  Economic  Circular  46.  6  dd. 
Washington,  1920. 
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DREDGING  AND  HTDROGRAPHIC  RECORDS  OF  THE  U. 
FISHERIES  STEAMER  ''ALBATROSS/'  1911-1920. 


INTRODUCTION. 

On  October  16,  1907,  the  U.  S.  Fisheries  steamer  Albatross  left  San 
Francisco,  Calif.,  en  route  to  the  Philippine  Islands  on  a  cruise  which 
covered  a  i>eriod  of  over  two  and  one-half  years  of  scientific  investi- 
gation, during  which  stops  were  made  at  Midway,  Guam,  the  Philip- 
pines, Borneo,  Pratas  Keef,  China  Sea,  Dutcn  East  Indies,  and 
Formosa.  The  ship  returned  to  San  Fi-ancisco  on  May  4, 1910.  The 
dredging  and  hydrographic  records  of  this  expedition  have  been  pub- 
lish^ in  the  Bureau  of  Fisheries  docibnent  No.  741,  1910. 

On  July  9,  1910,  after  two  months'  overhauling  and  preparation, 
the  AlbiUross,  under  the  command  of  Conmiander  Guy  H.  Burrage, 
U.  S.  N.,  left  San  Francisco,  Calif.,  for  Alaska  on  a  cruise  of  inspec- 
tion, carrying  on  board  the  Secretary  of  Conmierce  and  Labor  and 
the  Attorney  General.  The  trip  ended  on  September  20,  1910,  when 
the  ship  reached  San  Francisco  Bay. 

No  active  work  was  engaged  in  until  February  23,  1911,  when  a 
biological  investigation  was  made  along  the  coast  of  southern  and 
Lower  California,  the  Gulf  of  California,  and  the  Guadaloupe  Islands 
under  the  direction  of  Dr.  C.  H.  Townsend,  acting  director  of  the  Amer- 
ican Museum  of  Natural  History  of  New  York  City.  An  important 
result  of  this  investigation  was  the  rediscovery  of  the  northern  ele- 
phant seal,  Macrorhinus  angustirostris  Gill,  which  was  supposed  to  be 
extinct,  and  the  capture  aUve  of  six  yearling,  some  of  which  Uved  for 
a  considerable  time  at  the  New  York  Aquanum.  The  vessel  retmmed 
to  San  Francisco  on  Aj)ril  29,  1911,  after  making  a  series  of  dredge 
hauls  along  the  Cahfornia  coast. 

With  but  two  weeks  of  preparation  the  Albatross  was  sent  to  Alaska 
to  investigate  the  halibut  and  cod  banks  lying  alon^  the  coast.  A.  B. 
Alexander,  assistant  in  chaige  of  the  division  of  statistics  and  methods, 
directed  the  work,  and  Capt.  J.  B.  Joyce  had  charge  of  the  fishing 
operations.  The  cruise  was  completed  about  the  nuddle  of  Septem- 
ber, at  which  time  the  ship  reached  San  Francisco. 

Owing  to  the  fact  that  the  Albatross  was  found  to  be  in  an  unsea- 
worthy  condition,  no  work  was  attempted  outside  of  San  Francisco 
Bayuntil  April  12, 1914 ;  butmeanwhile,from  January  30, 1912,  to  April 
22, 1913,  a  biological  survey  of  San  Francisco  Bay  was  carried  out.  A 
preliminary  report  on  the  pnysical  conditions  of  the  bay  was  published 
in  1914.^  The  direction  of  the  work  was  vested  in  a  board  composed 
of  three  members — the  commanding  officer  of  the  Albatross,  thenatiur- 
alist,  and  Dr.  C.  A.  Kofoid,  representing  the  University  of  California. 

After  being  thoroughly  repaired  and  overhauled  under  a  special 
appropriation  the  Almtross  left  San  Francisco  on  April  12,  1914,  to 
investi^te  the  waters  off  the  coast  of  Washington  and  Oregon,  with 
the  object  of  determining  their  extent  and  value  as  fishing  pounds. 
Edward  DriscoU  was  in  chaige  of  the  fishing  operations,  which  were 

•A  Raportnpoa  the  Phytftcd  Coodltioosin  San  FiandMO  Bay,  based  qpon  the  Operatioiu  of  the  U.  8. 
nshsies Steamer  AUntnn  during  the  Years  1912  and  1913;  by  Francis  B.  Sumner.  George  D.  Loaderbaek, 
Wtldo  L.  Sduattt,  and  Edwai^C.  Johnston.  University  of  Oallfomia  Publleations  in  Zoology,  vol.  14, 
No.  1,  pp.  1.188^  pu.  1-13, 20  text  figs.    Berkeley,  1914. 
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conducted  by  practical  fishermen  employed  for  the  purpoee.  On  June 
12  the  ATbdtross  was  sent  to  Alaska  on  a  tour  of  inspection  by  Dr. 
E.  Lester  Jones,  deputy  commissioner,  U.  S.  Bureau  of  Rsheries. 
The  halibut  investigation  in  the  meantime  was  continued  from  the 
coast  cities  of  Washington  and  Oregon  by  the  naturalist,  assistant, 
fishery  expert,  and  the  temporarily  employed  fishermen.  The  ship  re- 
tTirned  from  Alaska  on  August  27,  and  from  that  tinie  until  the  middle 
of  September  the  investigations  off  the  coast  of  Washingtonand  Oregon 
were  continued,  after  which  the  Albntross  went  to  San  Francisco. 

On  July  1,  1915,  the  Albatross  left  San  Francisco  Bay  for  Seattle  to 
continue  the  haUbut  investigations  off  the  coast  of  Washington  and 
Oregon  started  dxffing  the  summer  of  1914.  This  work  was  discon- 
tinued September  9  on  account  of  adverse  weather  conditions^  the  ship 
returning  to  San  Francisco  Bav. 

From  October  11,  1915,  to  April  4,  1916,  the  vessel  waa  laid  up  in 
San  Francisco  Bay  for  lack  of  funds  for  opwation,  being  thoroughly 
overhauled  and  repainted  by  the  crew  during  the  enmrced  delay. 
From  April  4  to  November,  1916,  she  was  engaged  in  an  investigation 
of  the  tima  fisheries  off  the  coasts  of  southern  and  Lower  California. 
On  May  2,  1917,  she  imderwent  repairs  at  Mare  Island  Navy  Yard, 
and  on  their  completion  in  November  she  was  transferred  to  the  Navy 
for  the  period  of  the  war.  She  contiuued  in  naval  service,  principally 
in  the  Gulf  of  Mexico  and  the  Caribbean  Sea,  until  J\me  23, 1919,  when 
she  was  retm'ned  to  the  Bureau. 

After  being  refitted  at  Baltimore  for  fisheries  investigations,  includ- 
ing the  instaflation  of  a  new  double  winch,  gallows,  and  other  necessary 
appliances  for  using  otter  trawls,  she  proceeded  from  the  capes  of  the 
Cnesapeake  on  October  30, 1919,  for  oceanographic  research  under  the 
direction  of  W.  W.  Welsh,  on  the  South  Atlantic  coast  and  in  the  Gulf 
of  Mexico,  returning  to  Baltimore  about  the  middle  of  December.  On 
February  16,  1920,  she  sailed  for  Boston  to  take  up  investigations  in 
the  Gulf  of  Maine  under  the  direction  of  Dr.  H.  B.  Bigelow.  In  addi- 
tion to  the  work  in  that  region  the  vessel  occupied  several  stations 
between  Cape  Henry  and  Cape  Cod  en  route  to  Boston,  and  again  on 
her  return  to  Baltimore,  where  she  arrived  May  20,  1920. 

F.  M.  Chamberlain,  naturalist  on  the  Albatross^  was  transferred 
and  appointed  agent,  Alaska  salmon  fisheries,  on  August  23,  1911. 
L.  M.  Tongue,  fishery  e^mert,  was  transferred  and  appointed  store- 
keeper, St.  Paul  Island,  Alaska,  in  September.  He  was  replaced  by 
E.  C.  Johnston.  Dr.  F.  B.  Sumner  was  appointed  naturalist  on  De- 
cember 16, 1911 ,  and  R.  A.  Coleman,  captam's  clerk,  in  January,  1912. 

Commander  Guy  H.  Burrage,  U.  S.  N.,  was  detached'  from  the 
Albatross  on  May  25,  1912,  leaving  Lieut.  L.  B.  Porterfield  senior 
officer  on  board.  Lieut.  Commander  H.  B.  Soule,  U.  S.  N..  took 
command  on  June  10,  1912,  and  remained  until  April  4,  1914.  Waldo 
L.  Schmitt  was  appointed  naturalist  on  December  13,  1913,  Dr.  F.  B. 
Sumner  havii^  resigned  on  October  31,  and  E.  P.  Rankin  was 
appointed  assistant.  On  April  4,  1914,  Lieut.  L.  B.  Porterfield, 
U.  S.  N.,  relieved  Jjieut.  Commander  H.  B.  Soule,  U.  S.  N.,  as 
commanding  officer. 

The  position  of  naturalist  was  made  vacant  by  the  resignation  of 
Waldo  L.  Schmitt  on  December  31,  1914.  E.  C.  Johnston  received 
the  appointment  as  naturalist  on  April  1,  1915,  leaving  the  position 
of  fisnery  expert  vacant.  F.  P.  Shafer  became  fishery  expert  in 
October,  1915.    Lieut.  L.  B.  Porterfield,  U.  S.  N.,  was  detached  and 
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Lieut.  Commander  J.  J.  Haimigan,  U.  S.  N.,  made  commanding 
officer  on  July  1,  1915.  Mr.  Jolmston  resigned  from  the  position  oi 
naturalist  October  18,  1917,  to  enter  military  service  and  was  suc- 
ceeded by  E.  P.  Rankin  December  1,  1917. 

On  the  return  of  the  vessel  to  the  Bureau  of  Fisheries,  Jtme  28, 
1919,  Lieut.  Commander  C.  D.  Cochran,  C.  G.  S.,  was  in  command, 
and  he  was  succeeded  on  October  24,  1919,  by  Commander  L.  J. 
Wallace^  U.  S.  N.  Mr.  Rankin  resigned  from  the  position  of  naturaUst 
July  16,  1920. 

EXPLANATION  OF  TABLES. 

In  Bureau  of  Fisheries  document  No.  741  the  last  Albatross 
dredging  station  was  D.  5672  and  thelasthydrographic  station  H.  4937. 
The  accompanying  list  gives  the  station  numbers  and  the  various 
investigations  conducted  by  the  Albatross  from  that  point  to  the 
present  time. 

Lower  CaUfomia  (Gulf  of  Oalifomia)  cruise {h  4938^H  4953 

Akska,  1911 \ H.  4954-H.  4955 

Biological  survey  of  San  Francisco  Bay  «  (1912-13) .j^*  49^3  ^ 

Biological  survey  of  San  Francisco  Bay  (March,  1914) H.  5351-H.  5365 

Halibut  investigation,  1914 H.  5366-H.  5774 

Halibut  investigation,  1915 H.  5775-H.  6408 

Atlantic  cruise  south  from  Norfolk,  1919 C20001  to  C20040 

Atlantic  cruise  north  from  Norfolk,  1920 C20041  to  C20130 

Atlantic  cnuBes  surface  temperatures  while  under  way,  1919-20 

Prior  to  1919  those  statioas  at  which  the  main  object  was  the  col- 
lection of  specimens  by  dredging  or  trawling  were  designated  as  '*D" 
stations  and  those  wKere  hydrographic  ana  plankton  collection  was 
the  object  as  '^H"  stations.  Beginning  in  1919  a  single  series  of 
numbers  is  used  and  the  stations  at  which  collections  are  made  are 
desknated  bj  the  prefix  letter  '^C,"  as  ''C20001." 

Ine  ''Position'^  of  a  station  is  that  point  occupied  by  the  vessel 
at  the  beginning  of  a  haul  or  set  of  observations  as  determined  by 
the  navigator  and  plotted  by  him  on  the  chart.  On  the  halibut 
cruises  of  1914  and  1915  the  bearini^  and  distances  were  worked  out 
from  the  chart  after  the  stations,  indicated  by  small  circles,  had  been 
plotted  in  by  the  navigator.  In  view  of  the  fact  that  a  large  per 
cent  of  the  stations  on  these  two  trips  were  within  sight  of  land  and 
that  runs  inshore  were  frequently  made  to  check  up  the  bearings, 
the  percentage  of  error  is  very  small.  AH  bearings  are  ' '  true  *'  unless 
otherwise  indicated.  The  charts  used  were  either  U.  S.  Hydro- 
giwhic  Office  or  U.  S.  Coast  and  Geodetic  Survey,  as  indicated. 

Where  two  figures  are  given  under  the  heading  "Time  of  day," 
"Depth,"  and  ''Temperature,"  the  first  represents  the  beginning  and 
the  second  the  end  of  the  series  of  observations.  Where  one  figure 
18  given,  it  represents  the  beginning  of  the  series  of  observations.  In 
the  case  of  the  halibut  fishing  trials  the  time  at  which  the  dories  left 
and  returned  to  the  ship  is  given  in  the  ''Remarks"  column. 

Temperatures  are  recorded  in  degrees  Fahrenheit.  The  air  and 
surface  temperatures,  except  where  indicated  by  an  asterisk,  have 
been  taken  from  the  ship's  log.  Their  accuracy  is  not  to  be  relied 
upon  to  any  great  extent  owing  to  the  unfortunate  placing  of  the 
themumieter  casing  near  the  %t^k  and  the  fact  that  tne  ship's  ther- 

•  Loo.  oit.  in  foot  note  on  p.  3. 
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mometers  have  not  been  standajrdized.  The  bottom  temperatures 
and  those  marked  by  an  asterisk  represent  the  corrected  readmgs  of 
tested  Ne^etti-Zambra  thermometers  used  in  appropriate  tiip  cases. 

On  the  Lower  California  cruise,  1911,  ''Density"  was  determinc^d 
by  saUnometer  tests.  ''Salinity"  determinations  have  all  been  made 
by  titration  with  the  standard  outfit  supplied  by  the  Intemational 
Council  for  the  Exploration  of  the  Sea. 

The  "Depth"  of  the  '^Trial"  is  that  at  which  the  gear  was  used, 
and  under  "Drift"  are  given  the  "Direction"  and  "Distance" 
throu^  which  the  dredge  was  hauled.  These  are  approximations. 
The  "Duration"  is  the  length  of  time  consumed  in  towmg  the  appa- 
ratus or  the  length  of  time  allotted  to  a  "set." 

The  current  velocities  given  for  stations  H.  5351-H.  5365,  inclusive, 
represent  the  readings  of  a  Price  current  meter,  which  has  been  tested 
by  the  U.  S.  Bureau  of  Standards. 

ABBREVIATIONS  AND  SYMBOLS. 

The  abbreviations  and  symbols  used  in  the  tables  are  listed  below. 
For  convenience  the  abbreviations  used  in  describing  the  character 
of  the  bottom  are  listed  separately. 

W  Ag 9- foot  Agaasiz  beam  trawl,  including  one  tail  weight  and  two  wing 

weif^hts;  three  glass  floats;  and  a  150-pound  sinker  abo^'e  the 

bridle,  unless  otherwise  stated. 

12^  Ag 12-foot  Agassiz  beam  trawl,  rigged  as  above. 

Alb.  smp Albatross  bottom-sampling  apparatus.    (Described  on  pp.  16-18, 

University  of  California  Publications  in  Zoology,  vol.  14,  No.  1, 

pis.  12, 13.    Berkeley,  1914.) 

botm bottom. 

botm.  net &ame,  Welsh-Helgoland;  net,  strainer  top,  No.  10  silk  bottom. 

C collecting  station. 

clsg.  net Bigebw  nume,  meter  net,  No.  000  top.  No.  0  bottom. 

SO^cod SO-foot  cod  trawl,  otter  riffled. 

G.  S U.S.  Coast  and  Geodetic  Survey . 

D dredgins  or  trawling  station. 

W  dr 19-inch  ooat  dredge.    A  fine-meshed  net  bag  covered  with  a  canvas 

bag,  the  mouth  of  which  is  held  open  by  an  iron  frame  19  inches 

long  by  about  6  inches  wide. 

dyn dynamite. 

Ek.  bot Ejkman  reversing  water  bottle. 

Ek.  mtr Ekman  current  meter. 

Ek.  smp Ekman  bottom-sampling  apparatus. 

El.  sdr electric  (Weule)  sounding  machine. 

30'  fldr 30-foot  flounder  trawl,  otter  rigged. 

If/  fldr 75-foot  flounder  trawl,  otter  rigged. 

QB  bot Greene-Bigelow  water  bottle. 

H hydrographic  station. 

Helgo.net square  frame  of  Helgoland;  net,  strainer  top,  No.  10  silk  bottom; 

used  as  surface  net. 

H.  O U.S.  Hydrographic  Office. 

Hvg.  In heaving  line  and  lead. 

A'  inter townet  made  of  No.  000  silk,  mounted  on  48-inch  metal  ring. 

Inter,  sal intermediate  salinity. 

Inter,  temp intermediate  temperature. 

L left  thermometer  (looking  toward  the  instrument). 

25-lb.lead..        ^ 

2$-lb.lead.. 

30-lb.lead.. 

32-lb.lead.. 

35-lb.lead.. 

Lt light. 

Luc.  sdr Lucas  sounding  machine,  including  a  35-pound  detachable  lion  shot, 

unless  otherwise  stated. 


^one-shaped  sounding  lead  armed  with  soft  soap. 
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m.  b mud  bag  ("boat  dredge")  usually  fastened  to  tail  of  net  or  trawl. 

mtr.  net 1  meter  diameter,  000-X  top,  0-x  bottom. 

NZ Negretti  &  Zambra  reversing  thermometer. 

0.  p.  dr regular  conmierdal  orange-peel  bucket  dredge. 

oyB.  dr oyster  dredge. 

P.  N.  bot Pettersson-Nansen  insulating  water  bottle. 

Pr.  m Price  current  meter. 

P.S.p Plotting  sheet  No.  9. 

pBC per  standard  compass,  magnetic  variation  not  having  been  applied. 

K (m  tables  1911-1915) ,  nght  thermometer  (looking  toward  instrument) ; 

(in  tables  1919-20),  Richter  thermometer. 

sdg .sounding. 

3y  shr.  trl 35-£oot  smimp  trawl,  otter  rigged. 

Sigs.  bot Sigsbee  water  bottle. 

Sigs.  rod Siflsbee  sounding  (bottom-sampling)  rod. 

5^  sldg 5-loot  Tanner  beam  trawl  improved  by  attaching  a  broad  wooden 

''shoe"  to  each  rimner  to  prevent  the  frame  from  sinking  in  mud 
too&r. 

snap.  Id Bnapyper-jawed  sounding  lead. 

Sp.  G specific  gravity. 

Bubm.  It submarine  light. 

surf Burfiace. 

SV Schnudt-Voflsberg  thermometer. 

tang tangent. 

therm thermometer. 

3'Tnr 3-foot  Tanner  beam  trawl,  including  float,  tail  weight,  and  sinker 

above  the  bridle. 

y  Tnr Moot  Tanner  beam  trawl,  ringed  as  above. 

9^Tnr 9-£oot  Tanner  trawl  on  Agassiz  trawl  frame. 

Tnr.-BliBhsdr — Tanner-Blish  sounding  machine. 

Tnr.  cse Tanner  reversing  thermometer  case. 

TycoB Tycoe  Instrument  Co.  Fahrenheit  thermometer,  used  in  surface  work. 

vert,  net i  meter  diameter,  No.  6  silk,  used  for  vertical  hauls  except  where 

otherwise  stated. 

wt weight. 

16 1  meter  diameter.  No.  6  silk,  surface  tow  net. 

110 i  meter  diameter,  No.  10  silk,  surface  net. 

112 plankton  net,  No.  12  bolting  silk,  mounted  on  14-inch  metal  ring. 

120 (in  tablee  1911-1915),  plankton  net.  No.  20  bolting  silk,  mounted 

on  14-inch  metal  ring.  (Lohmann,  1911^  states  that  this  num- 
ber was  changed  by  the  numu&i^turers  m  1907  to  ''No.  25  bolt- 
ingsilk.")  (In  tablee  191^20),  12^'  diameter,  No.  208ilk, surface 
net. 


CHARACTBR-OF-BOTTOM        ABBREVIATIONS. 


Matoial: 

C CUy. 

Co Coral. 

E .  6 Eel  grass . 

For Fonuninifera. 

G Gravel. 

Glob Globigerina. 

Lav Lava. 

M Mud. 

Mi Mica. 

Oz Ooze. 

P Pebbles. 

R Rocks. 

8 Sand. 

Sh Shells. 

Shi Shale. 

Sp Specks. 

St Stones. 

DeKriptive  adjectives: 

bk. black. 

bl Mue. 

bn brown^ 


Descriptive  adjectives — Continued. 

brk broken. 

CO c(»ral. 

era ....coarse. 

dk dark. 

fne fine. 

gn green. 

gran granular. 

hrd hard. 

m muddy. 

med medium. 

pter pteropod. 

rd red. 

rky :  .rocky. 

s sandy. 

sft soft. 

sh shelly. 

stk sticky. 

wh white. 

yl yellow. 
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Dbxdoing  and  Htdroorjlfhio  Records  Secuskd 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
.    day. 

Depth. 

Character  of 
bottom. 

D.5673 

Near  boufidttrp  between  Mexko 
and  UniUdataUt. 

3,78^ft.  Cone  (32«  18'  30"  N., 
116*  46'  W.),  N.  42«  E.; 
4,flOO.ft.  Cone  (3r  36'  SC' 
N.,116M4'30"W.),N.82» 
E.(3ra6'N.,117*42'W.). 

Quadahupe  Id.,  ead  coaH, 
northern  end. 

H.O. 
1006 

1911. 
Mar.    1 

6.11a.m. 
to 

10.30  a.m. 

Fm9, 
1,000 

bl.andgy.M.,few 
Glob. 

H.4038 

Black  Rky  near  North  Pt., 
N.  80*  W.,  1.6  miles  (29^ 
10'ao"N.,lW16'45"W.). 

1681 

Mar.    2 

6.65  a.  m. 

0 
300 

H.4a39 

Black  Rk.,  near  North  Ft., 

N.12«E.;  Block  House,  S. 

78«W.(20«08'50"N.,118* 

17'  50"  W.). 
Elephant  Rk.,  S.  n^  W.; 

Cone  on  N.  side  of  Id..  8. 

71«E.(29*00'aO"N.,lW 

23' W.). 
Elephant  Rk.,  8.  W  W.; 

Cone  on  N.  side  of  Id.,  N. 

75'E.  (20»00'N.,118^23' 

20"  W.). 
Elephant  Rk.,  8.  l"  W.;  Cone 

on  N.  side  of  Id.,  N.  66*  E. 

fM'08'40"N.,lW24'10" 

Elephant  Rk.,  8.  40*  E.; 

Cone  on  N.  side  of  Id.,  N. 

60"  B.  (20*  08'  N.,  118*  24' 

30"  W.). 
Elephant  Rk.,  N.  46*  E.: 

Steamer  Pt.  Rk.,  8. 11*  E. 

(29"  06'  50"  N.,  118*  25'  W.). 
Elephant  Rk.,  N.  17*  E.;  Rk. 

at  Steamer  Pt.,  8.  7*  E. 

(M*06'20"N.,lW24'ao" 

1681 
1681 
1681 
1681 

...do 

...do 

...do 

...do 

7.56  a.m. 
0.10  a.m. 
9.85  a.  m. 
9.50  a.m. 

290 
110 
80 
27 

hid 

H.4940 

H.4941 
H.4942 

cr8.bk.S 

do....^ 

H.4043 
H.4944 

1681 

1681 
1681 

...do 

...do 

...do 

10.05  a.  m. 

10.25  a.  m. 
11.00  a.m. 

81 

68 
42 

do 

gy.  8.,  flBi 

H.4945 

cr3.bk.  6 

H.49i6 

Midwav  between  point  at 
Elephant  Rk.  and  Steamer 
Pt.  Elephant  Rk.,  N.  6* 
E.;  Rk.  at  Steamer  Pt.,  8. 
21«E.  (20*04' 60"  N.,  118* 
24'  W.). 

Eastsldeofid 

1681 

...do 

11.30  a.m. 
2.00  p.m. 

25 
13 

do 

..do 

mnrninr. 

North  of  first  party 

...do 

...do 

Midwav  between  point  at 
Elephant  Rk.  and  Steamer 

1681 

Mar.    3 

n«ff»»t. .  . 
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DUKINO  THX  LOWBB  CALIFORNIA  CrUISE,  19l]l. 


Temperature. 

Density. 

Apparatus. 

Trial. 

Drift. 

is 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

•F. 
56 
58 

5< 

61 
63 
63 

64 

64 

64 
06 

66 
63 

•r. 

56 
58 

69 

59 

69 

69 

59 

59 

59 
00 

00 
01 

•J^. 

Lue.8dr.:8igs. 

Tnr.    cae.; 
12'Ag.;m.b. 

Tnr.-Bli8h8dr 
do 

botm... 
300  fms. 

botm... 

Jtflo. 
28 

NK 

Ml. 

0.2 

NZ  1^104914.  Cable 
out  2.240  fms. 
Sp.    6.   (surf.) 
2473   at    15»C., 
(botm.)  25.0  at 
13.8*C.    Botm. 
therm,  foiled  to 
trip.  One  bridle 
st(9  parted. 

OuadaloDpe     Id« 
North  Pt.  ap- 
pears to  extend 
about   1  mile 
too  far  eastward 
from      tangent 
bearing  of  east 
ooast  and  patent 
log  run  on  north 
side  of  Id.   Ref- 

chart29*10'60" 
N,,  IW  17'  80" 
vv . 

do 

...do.... 

do 

...do.... 

do 

...do.... 

..  .. 

do. 

...do.... 

do 

...do.... 

do 

...do..-. 

From  this  posi- 

handlead-line 

...do.... 

tion   groups  of 
seals     on     the 
beach   bore   8. 
75*  E.  and  8. 
48«E. 
Rock  at  Steamer 

Pt     and     Rt. 
Tang.  Inner  Id. 
inUne. 

Shore  party  col- 
lected   various 
land  and  marine 
fauna  and  flora. 

Shore  party  col- 
lected elephant 
aeals. 

Worm^.  eeUi.  tind 

8abm.lt 

surf 

fUb  were  taken. 
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Station 
num- 
ber. 


Position. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


Character  of 
bottom. 


H.4947 
H.404S 

H.4949 
H.405O 


H.4861 
D.6674 


D.5675 


GvaiaUmpe  Id.,  east  eoattf 
norikem  «ii^— Continued. 

Rk.  at  Steamer  Pt.,  S.  21»  E.; 

Rt.  Tang.  Inner  Id.,  6. 23* 

E.(29*30"N.,118*24'30" 

W.j. 
Blepbant  Rk.  and  Rk.  at 

Steamer  Pt.  In  line,  N.  2* 

W.;  Rt.  Tang.  Inner  M., 

S.  22*  E.  (M*  »'  30"  N., 

118*  25*  SfT  W.). 
Elephant  Rk.  and  Steamer 

Pt.  in  line,  N.  4*  W.;  Rt. 

Tang.  Inner  Id.,  8.  21*  E. 

(»^1'  15"  N.,  lis*  28'  W.). 
Steamer  Pt.,  N.  26*  W.;  Rt. 

Tang.  Inner  Id.,  S.  21*  E. 

r»*01'15"N.,118*22'6a" 

y.^ 


H.0 


Between  San  DietfOf  CaUlf,, 
and  San  BenUo  Id.,  Mexko. 

3J82-n.  Cone,  N.  22*  E.: 
Bhifl  Peak  (1,460  ft),  N.  78* 
E.  m*28'46"N.,  117*0B' 
60"W.). 


W.  San  Benito  Id.  B.  side 


(anch.). 
8E.  Pt.  ^ 


w.  San  Benito  Id.. 

S.«2*W.;NE.  Pt.,N.84^ 
W. 

Cenotld. 

South  Bay  (anch.):  Promi- 
nent  Black  Rk.,N.  58*  W.; 
Rk.J  mfle  E.  of  latter,  N. 

S.  part  of  E.  side  (anch.):  B. 

'fiing.CerrosId.,N.26^E.; 

Morrow  Redondo  Pt.,  8. 

6*W. 
liiddle  of  E.  side  (anch.);  B. 

of  1.808-ft.  Peak,  Lat.  28* 

Lower  CaXIfornia. 

Port  San  Bartolome  (anch.): 
Collin  Rk.  S.  Tang.,  S.  65^ 
W.;  Entrance  Rk.,  N.  68* 
W. 

....do 


San  CrUMalBay. 

San  Cristobal  Bay  (anch.): 
Monro  Hermoso  Pt..  N.  59*^ 
W.;  San  Pablo  Bluff,  S. 
10*  E. 

San  Pablo  Pt,  N.  33*  E.; 
Asuncion  Pt,  N.  87*  E. 
m*  07' 08"  N.,  114*  33' 10" 
w.). 

Lower  Oati/omia, 

San  Roqae  Id.  (anch.):  NE. 

endofld.,  S.  68*E.;  W. 

endofId.,S.  10*W. 
Abreojos   (ancdi.):  Abreojos 

Pt.,S.78^W.;812.ftBaiJ, 

N.  08'W.  ' 


1681 


1681 


1681 


1681 


1911. 
Mar.    4 


..do 

..do.... 

...do.... 

do.... 


1140 


1310 


Mar.    8 

Mar.    0 
...do..... 

Mar.  10 

Mar.  11 
Mar.  12 

Mar.  13 
Mar.  14 

Mar.  15 
-.do 

Mar.  15 
Mar.  16 


4.08  p.  m. 
4.12  p.  m.- 

4.20  p.  m. 
4.43  p.  m. 
all  day.... 


6.04  a.  m. 

to 
8.37  a.  m. 


a.  m.... 
p.m... 

aUday. 


.do.. 


..do.... 

all  day. 
..do.... 


2.08  p.  m. 

to 
3.28  p.  m« 


aUday. 
..do.... 


Fmt. 


_0_ 
2S0 


226 


138 


hrd. 


fbcgy.  8. 
do.... 


540 


gn.    M.,    Itae.    8., 
Otob. 


8.,  O.,  B. 


8.,R.,  G 


M.,S.,0. 


.do.. 


284 


gn.  M.,  fne.  S.. 
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TeDpenture. 


Density. 


Sari. 


Botm. 


Apparatus. 


Trial. 


Depth. 


Dura- 
ticm. 


Drift. 


Direction. 


Remarks. 


60 


39.4 


44.6 


Tnr.BHshsdr 


botn.. 


Afin. 


.do. 


250  Cms. 


.do. 


botm.. 


.do. 


.do,. 


Li]e.sdr.;8i|gk 
rod;  ma. 
bot.;  m; 
Tnr.  eae.; 
12'A«.;m.bw 


botm.. 


24i 


N.4«»W. 


handUne:l<K' 
dr.;3'Tiir.; 


8'  Tur.;  sefaie. 


sub.lt. 


surf.,  10 
ft.,ao 

ft 

botm., 
10  ft. 


botm., 
6  ft, 


surf.,  4 
feet, 
botm. 


Luo.8dr.:Bigs. 
bot.;13'As.; 
m.b. 


20 


6  ft.,  10 
ft^botm. 


m. 


2.4 


a.6o«w.. 


Sealing  party. 


SdK.  register  read 
^SOatarriralof 
wt.  at  machine. 
Slgs.  bot.  failed 
to  work.  Gable 
out  1.S00  fms. 
8p.  O.  (surf.) 
24.3  at  1.^.3*  C. 

Shore   ooJleoting. 

Shore  ooueotlng. 


Shore  eoUeotiog. 


Do. 


Shore   ooltecting. 
Seining. 


Shore   colleoting. 
Seining. 


Do. 


Sealing  party. 


Sigs.  bot.  used  in 
Bounding.  Cable 
outtfOOims. 


Shore  ooUectlng. 


Ballenas     Bay. 
Shore  ooUecting. 
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V.  &.  Btm^U  OF  FtSfiERIBd. 

Dredging  and  Hydbogra.fhio  HsC^itiw  SBormei) 


station 
num- 
ber. 

FosltiOD. 

Chart. 

Date. 

Time  or 
day. 

Depth. 

Qiaracterof 
bottom. 

H.4052 
D.5670 

Between  BaUena*  Bay  and 
Santa  Maria  Bay, 

26*  81' 15"  N.,  113"  29' 80"  W . 

fl.  0. 
1493 

1911. 
ICar.  17 

8j00a.m. 

to 
9.58  a.m. 

Fnu. 

645 

gn.   M.,  toe    8. 
^lob. 

H.4053 
D.6677 

26-28'46"N.,mM6'W.... 

1493 

...do..... 

1.05  p.  m. 

to 
2.57  p.  m. 

735 

do 

Santa  Haria  Bav  (anch^: 
Hugh«Pt.,8.l8*WjMi. 
SanLaMro,N.TO*W. 

ICar.  18 

all  day.... 

8 

MitgdaUnaBay. 

Off  N.8lde  of  Santa  Maraarita 

Id.   (anch.):  Left  Ta^. 

Deerkg  Bluff,  N.  WE.; 

NW.lSng.    Id.,N.88»W. 
Mercy     Gtuumel     (anehj: 

Cbne  Pt.,  8.  70"  W.;  E. 

Tang.    Santa    Margarita 

IdTs.  46*  E. 
Sail  Rk.  Entrada  Pt.,  S.  53* 

W.;  Redondo  Pt.,  S.  W 

W.(24»36'20"N.,111*59' 

85"  W.). 
OffMagdalena(anoh.):  Mag- 

dalena  Whf.,  S.  82«  W.; 

CovePt.,S.57«E. 

Mar.  19 
Mar.  30 
Mar.  21 
...da.... 

P-m 

all  day.... 

8* 

... 

1686 

D.5678 

9.58  a.m. 

to 
10.25  a.m. 

p.  m 

m 

S.,brk.8h 

M 

Between  MagdaUna  Bay  and 
San  Lueat  Bay. 

D.W79 

28M7'45"N.,lir23'W.... 

1664 

Mar.  22 

6.87  a.m. 

to 
7.57  a.m. 

825 

dk.8n.  M..For... 

D.5680 

28'40'80"N.,111M2'45"W.. 

1664 

...da.... 

10.05  a.  m. 

to 
11.52  a.m. 

889 

do 

• 

D.5681 

23'33'15"N.,lir02'10"W.. 

1664 

...da.... 

2.05  p.m. 

to 
3.26  p.m. 

405 

do 

San  Lueat  Bay, 

San    Lucas    Bay    (anch.): 
Cape  San  Lucas,  S.  7*  E.; 
Customhouse.  N.  77"  W. 

Cabo  Falso,  N.  OP  W.;  Cape 
San  Lucas,  N.  11  •W.(22« 
48'a0"N.,109«52'40"W.). 

1666 

Mar.  23 
Mar.  24 

all  day.... 

7.27  a.  m. 

to 
9.05  a.m. 

13* 
491 

cra*S...             »» 

D.5682 

S 

...da.... 

all  day.... 

Cape  San  Lucas,  S.3*  W.; 
Customhouse.  S.  88*  W. 
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Temperature. 


Density. 


Surf. 


Botm. 


Apparatns. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


Direction. 


Remarks. 


19.0 


38.0 


1.Q2MQ 


1.0M02 


1.02483 


1.02885 


88 


44.1 


43.8 


43.3 


40.8 


Luc.  sdr.:  Bigs. 

rod.;    Sias. 

bot.;     NZ; 

Tnr.cse.;  12* 

Ag.:  m.  b. 
Lucjdr.;81gB., 

rod.;    BiiR. 

bot.;     NZ; 

Tnr.cse.;  12* 

Aj:.;  m.  b.; 


botm.. 


...do..-. 


Min. 
20 


20 


NW.byW. 


WNW. 


Mi. 
0.2? 


10"  dr. 


.do.. 


12'Ag.jm.b.: 
hand    lead 
14-lb. 


botm., 


20 


N.81»W. 


line; 


;10"dr.. 


.do.. 


Li]o.8dr.:Sigs. 

SSI;  % 
Tnr.c8e.;12' 
Ag.;iaat.2 
round  m.  b. 
Lucsdr.tSigs. 

SSl:i  % 

Tnr.cse.;12' 
Ag.;  lm.b. 


..do. 


botm. 


..do.. 


18 


214 


N.68»W. 


N.68«W. 


.do.. 


20 


N.68«W. 


Mine;  aubm. 
It.;  19"  dr. 

Luc.sdr.;Sigs. 
rod.;  Bigs, 
bot;  NZ; 
Tnrx8e.:12' 
Ag.;m.b. 


seine;  sabm; 
It. 


surf., 
botm. 

botm... 


20 


8.18*W.. 


Cable  out  1,000 
fms.  Sp.  G. 
(surfO  ».8  at 
18.3»C.,  (botm.) 
24.6  at  ie*C. 

Cable  out  950  ftns. 
Townets  towed 
astern  for  50 
min.     during 

a.(si^'23.2at 
19.1'C.,  (botm.) 
28.2atl8*'C. 
Shore  collecting. 
About  13haub 
withdr 


Shore  collecting. 


Shore  collecting. 
Mangrove  and 
Santa  Margarita 
Ids. 

Cable  out  50  fms. 


Shore    collecting. 
Seining. 


Cable  out  600  fms. 
Botm.  water 
specimen  lost  in 
Lab.  through 
oversight. 

Accumulator  reg- 
istered 8  or  4 
tons  on  haulinx 
in.  Cable  out 
660  fms.  Towed 
16  min.  at  600 
Cms.  Sp.  0. 
(surf.)  23.6  at 
2DX.,  (botm.) 
26.6atl5*C. 

Sigs.  bot.  failed  to 
work.  Cable  out 
650f!ms. 


Shore  collecting. 
Seining. 

Sigs.  bot.  defec- 
tive. Sp.  O. 
(surf.)  24.2  at 
25*C.  Accumu- 
lator refistered 
3  tons  m  tow- 
ing. Cable  out 
800  fms. 

Shore  collecting. 
Seining.  At 
night  EUt.used. 
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U.  S.  BUREAU  OF  FISHERIES, 

Drbdoimg  akd  Htdbooraphic  Rscords  Sbcurbd 


D.6083 


Sah  J^%  id  CfAit  Map. 

(ancih.):  Semaphore,  B,  BA' 
W.;  CustotDliouse,  N.  4d' 

CHUfof  QMhrnk,  Wkttetn 


Agua  Verde  Bay  (anchj: 

San  Pasquel  Pt.,  N.W  W. ; 

Oppoelte  Pt.,  N.  SS*  E. 
Salenas   Bay,  Carmen  Id. 

(onehj:  Perlco  Pt.,  B.  63' 

B.;  WhltePt.8.  aO*W. 
MuMge,  moutli  of  Concepcion 

Bay  (aooh):   Sombi^to 

Pt..8.44«W,;OallltoPt., 

fl.  64*  E. 
8.  part  of  Conoepdon  Bay 

(anch.):  Conoepcion  Peak. 

8.  22*  E.;  MO' Peak,  8.  27^ 

W. 
8.  -  -^ 


Oulfdf  Cal^nUa. 

San  Estaban  Id.  (^cfa.): 
NE.  Tang.,  N.  6*  W.;  iy 
Rk.,  8.  64»  W. 

Santa  Catallna  Id.  (ancfa.): 
Santa  Cnu  Id. 

PichiUnque  Harbor  (ancfa.): 
Off  Coaling  Sta. 

Esplritu  Santo  Id.:  San  Ga- 
briel Bay  (anch.). 


CJeralboId 

West  coatt.  Lower  Califontia. 

Off  Cape  San  Lucas:  Cabo 
Falso,  N.  53*^.;  Cabeca 
BeUana  N.  (»•  46'  46"  N., 
W5(Klfl"W.). 


fi.O. 


1664 


1911. 
liar.  S5 
Mar.  96 


Mat.  37 
Mar.  38 
Mar.  39 

Mar.  30 
Mar.  31 


Apr.    1 
Apr.    2 


..do..... 
Apr.    8 

Apr.    4 


Apr.    6 
Apr.    6 


Apr.    7 
Apr.    8 


Apr.    9 
Apr.  10 


Apr.  11 
Apr.  13 
Apr.  13 


Apr.  13 
Apr.  14 

Apr.  16 

Apr.  17 


..do.... 
Apr.  18 

Apr.  19 


Apr.  20 


all  day. 


aUday. 


p.  m. 


.do. 


p.m... 
aUday. 

..do... 


p.  m . . . 
aUday. 


.do. 


..do. 
p.m. 


...do.... 
all  day. 
a.  m... 


p.  m. 
a.  m. 


.do. 


p.  m... 
all  day. 


..do. 
a.m. 


p.  m. 


12.41  p.  I 

to 
2.49  p.  I 


liaracterof 
bottom. 


Ftm. 


cr8.8.,giL  M.,  G. 
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Density. 


Surf. 


Botni. 


Apparatus. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


Direotion. 


Remarks. 


Jiln. 


wahmM.;lV' 


"'JT- 


dr.; 
dyn. 


It.;  19^' 


;19"dr- 


surf., 
botm. 


..do.. 


175'     seine; 
dyn.;19"dr. 

lao*    seine; 
dyn.;  19"  dr. 


.do.. 
.do.. 


;19"dr.; 
dyn.;  subm. 
It. 

176'    seine; 
dyn.;  19"  dr. 


dyn.;  subm. 
dyn.;  19"  dr. 


sabm.     It.; 
seine;  dyn. 


surf., 
botm. 


..do.. 


surf. 


botm.. 


surf. 


dyn 

do 

dyn.;  sabm.  It. 


dyn. 


73 


39.1 


1.02511 


Loc.9dr.;Si«s. 
rod;     Sigs. 
bot.;    NZ 
Tnr.    CBP.; 
irAg. 


botm.. 


15 


8.a6'W. 


Mi. 


1.5 


Bhore  ooUectitig. 


Bhoi«  collectiltg. 

Shore  coliectiiii. 
Fotur    dtedle 

Short  OoUeotitlg. 
Dredge  hauls 
along  the  beach 

Shore  collecting. 

Do. 


Do. 


Do. 


Shore   coUecthig. 

El.  It.  used  at 

night. 
ShoteoollecUng. 


Do. 


Shore  oolleeting. 

Do. 
Do. 

Shore  oollecdii^ 
El.  It.  used  at 
nii;ht. 

Shore  collecting. 


One  bridle  stop 
canicd  away. 
Runners  twist- 
ed. Sp.a.(surt) 
23.2  at  23.5*0, 
(bnlm.)81at25'C. 
C*ble  oat  i;20Q 
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TJ.  S.  BUREAU  OF  FISHERIES. 

Dbbdqino  and  Hydrooraphic  Records  Sbcured 


Station 
^ber.' 

Poedtion. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

0.6084 

West  eoaat.  Lower  Oallfomia— 
Oontinaed. 

S.ofMagdaleiiaBay  (23*23' 
30"N.,IW30"W.) 

jsr.o. 

1664 

1911. 
Apr.  21 

6.06  a.m. 

to 
11.26  a.m. 

Fnu. 

1,760 

D.M8S 

S.  of  Abreojos  Pt.    (26*  42" 
45"  N.,  113*  38' 30"  W.) 

14BB 

Apr.  22 

8.08  a.m. 

to 
10.26  a.  m. 

645 

bk.S.,Co 

D.fiOSO 

SW.ofAbreojosPt.  (28*  14' 
N.,  114*  W.) 

14BB 

...do.... 

8.07  p.m. 

to 
5.22  p.  m. 

930 

gn.lL»Glob 

Port  San  Bartolome  (anch.): 
Entrance  Rk.,N.W*W.: 
8.  Tang.  Coffin  Id.,  S.  62^ 
W. 

Apr.  23 

a.  m 

Coatto/CaUfomia. 

D.5087 
D.5088 

8.  of  Clerros  Id.:  W.  Tang. 

NaUvldad  Id-.  N.  10*  E.; 

Breaker  Pt.,  Lower  Calif., 

N.72*E.    (27*  Sy  15"  N., 

116*  W  W.) 
W.  Tang.  Natlvidad  Id.,  N. 

15*  E.;  Breaker  Pt.N.  72* 

E.  (27*  38' 45"  N.,  115*  17' 

40"  W.) 

1310 
1310 

Apr.  23 
...do..... 

12.37  p.m. 

to 
X23p.m. 

2.80  p.m. 

to 
4.23  p.m. 

480 
625 

galL^Glob 

do 

D.6080 

E.  of  Ouadaloape  Id.:  Hat 
Mt..N.  60*  E.;  St.  Vincent 
Peak,  N.  47*  E.    (29*  23' 
N.,  110*  14'  W.) 

1198 

Apr.  24 

6.11  a.  m. 

to 
8.49  a.m. 

8T9 

g7.1I.,fkMiS.,0., 
Glob. 

D.5000 

EastofGuadaloupeld.  (20* 
29'  N.,  lie*  18'  W.) 

1193 

...do 

10.07  a.  m. 

to 
12.57  p.  BL 

1,101 

gn.M.,01ob 

/ 

D.5091 

SW.  of  San   Diego.  Calif. 
m*08'20"N.,  118^29' 30" 

1000 

Apr.  25 

6.06  a.m. 

to 
&45a.m. 

868 

ffy.M 

D.6002 

BW.  of  San  Diego,  Calif.  (31* 
23*  45"  N.,  118*31' 30"  W.). 

1006 

...do..... 

11.21  a.  m. 

to 
2.17  p.m. 

1,076 

do 

D.M03 

W.  of  San  Nicolas  Id.  (33*  ir 
39"  N.,  120*  04' 30"  v.). 

C.8. 
5002 

Apr.  26 

6.06  a.m. 

to 
7.52  a.m. 

461 
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Temperature. 

Density. 

Apparatus. 

Trial. 

Drift. 

i 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
Uon. 

Direction. 

1 

Remarks. 

60 
1 

67 

61 
CI 

•J*. 

Luc.sar.;Sigs. 

Dot. ;    NZ; 
Tnr.    cse.; 
12'Ag. 

do 

do 

botm... 

...do.... 
...do.... 

Jfin. 
80 

30 
20 

NW.byW. 

W.byS.. 
...do 

Mi. 

250-lb.    weight 

37.  .3 

placed  above 
bridle  instead  of 
140-lb.  Sound- 
ing wire  carried 
away  losing  Sigs. 
bot.,  sounding 
cup  and  therm. 
Glass  floats  car- 
ried away.  Ao- 
cumulator  regis- 
tered over  6 
tons.  Cable  oat 
3,015  fms. 

Sigs.  bot.  iailed 
to  work.  NZ 
#108018,  repho- 
Eg  #104014,  did 
notregister.  Ca- 
ble out  1,2001^. 

Water  specimen 
thrown  out  by 
mistake.  Cable 
out  1,250  bus. 

a 

250'8oliio 

1 

1 

61 
«2 

r 

fi8 

60 
60 
58 

58 

SO 

50 

60 

56 
54 

41.1 
38.9 

38.1 

87.2 
37.1 

1.02379 
1.08484 
1.02308 

1.02386 

1.03307 
1.08363 

1.0248 

1.02482 

1.02664 

1.02476 

1.02668 
1.02534 

Luo.sdr.;Sig8. 
rod;     Sigs. 
bot.;    NZ 
Tm*.    cse.; 
12' Ag. 
do 

do 

do 

Iino.sdr.;8igs. 

rod;     Si@. 

bot.;    NZ; 

Tnr,    cse.; 

12' Ag. 
do 

.....do 

botm... 
...do.... 
...do.... 

...do.... 

botm... 
...do.... 
...do.... 

30 
30 
30 

18 

20 
20 
30 

S.72»W.. 
S.85'W.. 
N.87'W.. 

1.5 
2.0 

Cable  out  750  fms. 
Sp.  0.  (surf.) 
24  at  15.7  'C, 
(botm.)  24.8  at 
14.9-C. 

Cable  out  900  fms. 
Sp.  0.  (surf.) 
24.1  at  15.5»C., 
(botm.)  25.3  at 

Botm.     therm. 

m 

S.82«W.. 

f  aUed  to  regis- 
ter. Cable  out 
1,410  fms.  Sp. 
(J.  (surf.)  24.1  at 
14.2-C.,  (botm.) 
26.2atll.5*C. 

Cable  out  1,600 
fms.  Sp.  0. 
(surfj  ^.9  at 
14.5*(5..  (botm.) 
27.8  at  11.6»C. 
NZ  #98244  re- 
placed #108018. 

Cable    out    1,460 

1 

57 
» 

81 
M 

8.82*W.. 

...do 

N.86'"W.. 

fms.  Sp.  O. 
(surfO  24  at 
14.6*G.,  (botm.) 
26.2T  at  11.8*C. 

Cable  out  1,500 
fms.  Sp.  G. 
(surf.)  fe.6  at 
WC,  (botm.) 
25.8atl2.2*C. 

Cable     out     800 

,53 

fms.  Stray  line 
carried  away 
with  all  instru- 
ments. 

8572*— 21 2 
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U.  S.  BUREAU  OF  FISHERIES. 

Dredoing  and  Htdroorafhio  Rboords  Sbcitred 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

P.  5094 

D.5e95 
D.5096 

Coast  of  CU<fomfo-Contd. 

NW.  of  San  Nicolas  Id.  (38» 
24'30"N.,120*12'aO"W.). 

(33«  33'  N.,  laO*  17*  80"  W.). 

W.  of  Pt,  Buchon,  CaUf.: 
PineMt.,N.42*E.(35»18' 
30"  N.,  121«  28*  W.). 

W.  of  Piedras  Blanca,  CaHf.: 
Silver  Peak,  N.  «•  E., 
PineMt..N.V5-E.(36»8y 

Off  Pt.  Sot,  Calif.:  Pt.  Sur, 
N.  «•  W.;  JuniMrro  Mt.. 
N.  47»  E.  (85*  S^N.,  121^ 
49'30"W.). 

Pt.  Sur  Lt.,  N.  \T  E.  (36» 
30"  N..  var  W.). 

c.s. 

5002 

5002 

6002 
6002 

5002 
5002 

1911. 
Apr.  26 

...do 

Apr.  27 

...do 

...do^.... 
...do 

9.09  a.m. 

to 
11.28  a.m. 

1.06  p.m. 

to 
3.22  p.m. 

A.  15  a.  m. 

to 
7.45  a.  m. 

10.02  a.m. 

to 
11.42  a.m. 

2.02  p.  m. 

to 
3.48  p.m. 

0.07  p.  m. 

to 
8.11p.m. 

640 

534 

440 
485 

475 
650 

gn.M 

gn.a,ai6b 

D.fi097 
D.fi098 

gn.M.,bk.S 

D.6fl09 

1 
gn.M 

Dredging  and  Htdroobaphic  Records 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

D^pth. 

Character  of 
bottom. 

H.4954 

5  miles  ES., }  S.  from  the  po- 
sition (55^  57' 30"  N.,  136* 
27'  W.). 

38  miles  SSW.  }  W.  from 
Keroorat  Id.,  Alaska  (51« 
29' N.,  181*  48' W.). 

1911. 
Aog.  21 

Aug.  22 

9.06  a.m. 
9.49  a.m. 

184 
1,368 

C. 

H.4955 

- 

bn,M 
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TBrnps  atuiQ. 

DMlty. 

Appantos. 

Trial. 

Drift. 

i 

1 

. 

Sort 

Botm. 

Depth. 

Dura- 
tion. 

Dlrectian. 

1 

Remarks. 

60 
56 

» 
57 

fiO 
58 

55 
56 

13 

51 

57 

57 
56 

54 

53 
58 

58 

52 

•F. 

3S.9 

89.9 
89.8 
89.9 
87.9 

1.09374 

1.02389 

1.02346 
1.0186 
1.09461 
1.02373 

1.02483 

1.02466 

1.02488 
1.02478 
1.02460 
1.024n 

am 

Tnr.    086. ; 
17  As. 

do 

do 

do 

do 

do 

botm... 

...do-... 

...do.... 
...do.... 
...do.... 
...do.... 

Afia. 
80 

30 

131 
81 
20 
30 

8.63'W.. 
S.85*W.. 

Mi. 

Cable    out   1^ 
fms.  NZ  #108154 
replaoing«9e244 
fafled   to   trip. 
One  bridle  stop 
carried     away. 
Sp.    0.   (surf.) 
25.9    at    14«C., 
(botm.)   25   at 

N.63"W.- 

read  -10  fms. 
wheo   cup   ar^ 
rived   at   suif. 
Cable  out  1,200 
fms.      8p.  ^. 
(surf.)   24.2  at 
13«C.,    (botm.) 
25.3atll*C. 
Cable     out     TOO 

N.72'W.. 

fms.      8p.     O. 
(surf.)   ^.9   at 
12.2«C.,  (botm.) 
25.1atl0.5'C. 

...do 

8. 86*W.  - . 

f&is.      8p.     O. 
(surf.)     24    at 
12.5'C.,(botm.) 
25.3atll.8»C. 
Cable     out     900 
fma.      8p.    G. 
(surf.)    U    at 

Cable   oat    1,000 

1 

1 

fms.      8p.    G. 
(suri.)   24.2  at 
fi-C,    (botm.) 
24.9atl8.9*C. 

Alaska 

,  1911. 

Tenipflfatuie. 

Deoslty. 

Apparatus. 

Trial. 

Drift. 

i: 

< 

1 

1 

Snr&oe. 

Bottom. 

Depth. 

Dura- 
tion. 

Direotioo. 

1 

Remarks. 

Luc.  sdr.;  8109. 
rod. 

..  ..do 

botm... 

...do.... 
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rr.  S.  BUBEATJ  OF  FISHBBIB8. 
Dbbdoino  and  Htdroobaphio  Records  Sbcubbd  in  8ak 


station 
num- 
ber. 


Position. 


Caiart. 


Date. 


Time  of 
day. 


Depth. 


Character  of 
bottom. 


D.5700 
H.4066 


D.570i 
H.4967 


D.5702 
H.4058 


D.6703 
H.4059 


D.5704 
H.4960 


D.6706 
H.406i 

D.5706 
H.4M2 


D.5707 
H.4963 


D.6708 
H.4994 


D.5709 
H.49e6 


H.4966 
H.4967 
H.4908 
H.4909 

H.4970 
H.4971 
H.4972 
H.4973 
H.4974 


MlddU  action  o/baf. 

Angelld.  Lt..N.34rE.... 
";.,S.78fE. 


Alcatras  Lt., ».  ,oj 
Tang.  Lime  Ft.,  8. 


•W. 


Alcatrai  Lt.,  S.  87**  E 

Rt  Tang.  Angel  Id.,  N.  431* 

E. 
Mile  Rk.  Lt.,  S.  631*  W. 

Akatraz  Lt.,  8. 6ir  E 

Lft.  Tang.  Angelld.,  N.  aoj» 

E. 
Tang.  Lime  Pt.,  8.  53^  W. 

Rt.  Tang,  Angel  Id.,  8.42-  W. 
SoQtbampton  Lt.,  8. 83*  E. 
Rt.  Tang.  Red  Rk.,  N.  7*  W . 


Center  Red  Rk.,  N.  WW... 
Southampton  Lt,  8. 51*  E. 
Rt.  Tang.  Angelld.,  8.33*  W. 


Southampton  Lt.,N.  70*  E . . 
Quarry  Pt.,  8. 1*E. 
Pt.  Chauncey,  N.  86*  W. 
Lft.  Tang.  Goat  Id.,  8. 31*  E . 
Rt.  Tang.  Angelld.,  B.  89*  W 
Southampton  Lt.,  N.  li*  E. 


Lft.  Tang.  San  Qnentin,  N. 

881*  W 
Brothers  Lt.,  N.  2*  W. 
Bhifl  Pt.,  8.  4*  W. 

Brothers  Lt^  N.  H*  E 

Lft.  Tang.  «m  Quentin,  8. 

88*  W 
Bluff  Pt*   8.  V  W. 

Brothers  Lt^  N.  81*  E 

Lft.  Tang.  San  Quentin,  8. 

741*  W. 
Rt.  Tang.  Castro  Pt.,  8. 551* 

E 

AlcatrazLt..8.6a|*E 

Angelld.  Lt.,N.  734*  E. 
Yefiow  Bluff,  Tang./8.13|*  E. 

Alcatra«Lt.,S.61*E 

Angelld.  Lt.,  N.  14 J*  E. 
Lime  Pt.  Lt.,  8.  554*  W. 
Southampton  Lt.,  N.  10*  E . . 
Alcatraz  Lt.,  8. 27*  W. 
Lft.  Tang.  Angelld.,  N.  78*  E. 
Southampton  Lt.,  N.  16*  E.. 
Alcatras  Lt.,  8. 18*  W. 
Lft.  Tang.  Red  Rk.,  N.  17J* 

Rt.  Tang.  Red  Rk.,  N.  12*  W. 
Southampton  Lt.,  N.  60*  E. 
Pt.  Campbell,  S.  72*  W. 
Southampton  Lt.,  8. 69*  E . . . 
Rt.  Tang.  Red  Rk^N.4*  W. 
Pt.  Stuart,  8. 27*  W. 
Rt.  Tang.  Rod  Rk.,  N.  13*  E . 
Bluff  Pt.,  8. 14*  W. 
Southampton  Lt.,  8.  62*  E. 
Southampton  Lt.,  S.  48*  E . . . 
Rt.  Tang.  Red  Rk.,  N.  68* £. 
Bluff  Pt.,  8. 17*  E. 

Brothers  Lt.,  N.  30*  E 

Lft.  Tang.  Red  Rk.,  8. 62*  E. 
Lft.  Tang.  San  Quentin,  8. 
88*  W. 


C.5. 


5682 
5533 


5532 


1912. 
Jan.   30 


..do 

..do..... 

Feb.     1 


5532 


5632 


5632 

5532 
5532 
5532 
5532 

5632 
5532 
5632 
5532 
5532 


..do.. 


Feb.    6 
..do 


..do 

..do.... 
..do.... 

Feb.  13 
..do.... 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


10.00  a.  m. 
1.20  p.  m. 

2.64  p.  m. 
10.10  a.  m. 

2.09  p.m. 

0.50  a.  m. 
LOO  p.  m. 

2.15  p.m. 
2.37  p.m. 
8.13  p.m. 

10.24  a.  m. 
11.06  a.  m. 
12.30  p.  m. 
12.58  p.  m. 

2.15  p.  UL 
2.47  p.m. 
3.15  p.m. 
3.47  p.  m. 
4.22  p.  m. 


Fm». 
19 
17 

13 
17 


13 

121 


II 


n 


12i 
10 


7 
13 
30 

n\ 

8 

131 
7 
7 
0 


8.,  crs.,  fine.  G., 
8.,tne.0.,brk.Sh. 

8h.,St 


dk.  gy.  stk.  M. 


I 


gy 

8 

M 

.do 

.... 

-do 

hrd 1 

M 

.do 
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Temperature. 


Salinity. 


Surf. 


Botm. 


Apparatus. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


DiieetioQ. 


Remarks 


51. 83  S3. 13 
S0.8S 


y  Ag.;  19"  dr 
do 


botm... 
...do. 


.do. 


.do.. 


57 


t 


I0L83S2.O8 


52.8352.03 


51.83 
51.83 


yTnr.;  19"  dr. 


9'Ag.;  19"  dr.. 


6'Tnr.;19"dr. 
#12. 

....do 


..do.. 


...do... 


...do., 
do.. 


Min. 
18 


164 


15i 


11 


54.5151.83 


5L83 


» 


51.83 


.do. 


.do.. 


»   |5i.23|53.03 

'55   l53.8353.93 

I 
56 

56 


5i.03 


56.73 


53.8353.83 


63.8353.73 


£3.7353.83 


553.7353.73 


53.7353.53 


29.10 
29.53 
27.59 
3S.49 

2S.96 
26.16 
23.91 
18.23 
17.47 


30.48 
31.01 
26.10 
28.40 

28.46 
26.82 
35.89 
22.76 
31.74 


KAg.;  19"  dr.; 


5'Tnr.;  19"  dr. 
#12. 


bot.;#12; 
;  Tnr.  cse. 


.do 

.do 


Sigs.bot.;Tnr. 
CM.;  #12. 


....do 

....do 

....do 

— do 

....do 


...do.... 
-do.. 

surf.and 
botm. 

...do.... 
...do.... 
...do.... 

...do.... 
...do.... 
..do.... 
..do.... 
..do.... 


327". 
358"., 


61" 


353". 


179", 


117".. 
2'.... 


831" 


10 
10 
10 
10 

10 
10 
10 
10 
10 


212'. 


Against 
Ude. 

..do.... 

...do.... 

do,... 


...do.. 
...do.. 
...do.. 
...do.. 
..do.. 


.3 


Bridle  stops  parted. 

frame  tripped,  and 

net  torn. 
Net  carried  away. 


Trawl  contained 
chiefly  shells,  fow 
fair-sued  stones  in 
trawl;  dr.  did  not 
drag  properly. 

One  bridle  stop  had 
parted:  on  hoistins 
inboard  net  partea 
dose  to  frame; 
fhune  was  bent, 
boom  likewise. 

Accumulator  regis- 
tered nearly  7  tons; 
net  gave  way  on 
haul  in-  was  be- 
yond redemption. 

Mud  filled  with  worm 
tubes  and  ophln^ 
rians. 

Fewer  worm  tubes 
than  preceding; 
few,  if  any,  opbJu- 
rians.  No  com- 
plete examination 
or  inventory  was 
made  of  contents  of 
haul. 

Boat  dr.  was  not 
tied,  hence  botm. 
not  accurately  de- 
termined. 


Strong  ebb. 

Do. 
Strong  ebb;  lost  #30 


townot;  was 
inpror  " 
Strong  el 


in  propeller  strut. 


Do. 
Do. 


Ebb. 


Do. 
Do. 
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U.  S.  BUREAU  OF  FISHERIES. 

Drbdoino  and  Htdrooraphic  Becords  Sbctjbed  in  San 


station 
num- 
ber. 


H.4975 
H.4g76 

H.4977 
H.4078 
H.4979 
H.4980 
H.4981 


D.5710 
H.4082 


D.5711 
H.4963 


D.5712 
H.4984 


D.6713 
H.4985 


H.4086 
H.4987 
H.4988 

H.4980 
H.49Q0 
H.4991 
H.4992 


H.49M 


Positian. 


I7pprr  tectum  of  bay. 

Tang.  Crockett  Whf. ,  8.74*  E , 
Carqolnei  U^^.  60*  W. 
Tang.  Selby  Whf.,  S.6»»  W. 
Tang.  Crockett  Whl.8. 7^*  E . 
CarqulneK  Lt..  8. 48^  E. 
Mareld.  U.,N.27»W. 

Carqolne*  Lt.,  N.  ?!•  E 

Lone  Tree  Pt.  Whf.,  8. 86*  E. 
"^      " -.63i»E. 

»E.  

,8.82«E. 

'*E 

W. 

i.,8.54»E. 
^N.76»E. 
3.  68«  W. 

W. 
E 

^.'22»W.' 
t.,N.5e* 

Middle  udion  Of  bag, 

LImePt..N.77«E 

Alcatrae.  Lft.  Tang-.N.  70*  E. 
Angelld.  Lt.,Nr9'E. 

LImePt.,N.«8»W 

Angelld.  Lt.,N.«»E. 
AlcatraxLt.,N.63«E. 

Lime  Pt.,  N.  87*  W 

Angelld.  Lt..N.6*W. 
AlcatraxLt.,N.79*E. 

Alcatraz  Lt.,  N.  10*  E 

Angel  Id.  Lt.,  N.  19*  W. 
Lime  Pt.,N.  781*  W. 

Upper  gecHon  of  bap. 

Ti  E. 

Ci 

Ti  V. 

Ti  'E. 

C« 

M 

Ci 

L  E. 

P 

Mareld.Lt.N.WE 

Lone  Tree  Pt.  Whf»  8. 82«  E. 
Pinole  Pt.,  8.  42«  W. 
Lft.  Tang.  8isters,  8. 63*  W.. 
BrothersLt.,  8. 31*  W. 
Lft.  Tang.  Pinole  Pt.,  8. 73*  E. 
Rt  Tang.  8lsters,  8.  (»•  W. 
Pinole  Pt.,  N.  74*  E. 
Brothers  Lt.,  8. 25*  W. 

Brothers  Lt.,  8.  4*  E 

Lft.  Tang.  Sisters,  N.  3«»  W. 
Lft.Tang.  PinoIePt.,  N.  00*  E. 

liiddUteetkmofbaf, 

Lft.  Tang.  Red  Rk..  8. 87*  E. 
BrothereLt.,  N. 26* E. 
Lft.  Tang.  San  Quentin,  N. 

Brothers  Lt.,  N.  14*  E 

Bluff  Pt.,  8.  W  E. 

Rt.  Tang.  Red  Rk.,  N.  44*  E. 


C.S. 


5533 
5533 

5532 
5532 
5532 
5532 

5533 


5533 


5532 


Date. 


1912. 
Feb.  15 


...da.... 

...do..... 
...do..... 
...do..... 
...do..... 
...do..... 

Feb.  16 
...do..... 
...do..... 
...do..... 

Feb.  20 
...do..... 
...do.... 

...do 

...do 

...do.... 
Feb.  21 

Feb.  21 
...do 


Time  of 
day. 


1.10  p.  m. 

Fnu. 
14  J 

L43p.m. 

10* 

2.20  p.m. 

5! 

2.48  p.m. 

5 

3.20  p.m. 

7 

3.48  p.m. 

•I 

4.17  p.m. 

13 

9.38  a.m. 

10 
9 

10.00  a.m. 

SI 

11.04  a.  m. 

1^ 

1.47  p.m. 

17 
10 

11.39  a.  BL 

m 

12.45  p.m. 

8 

1.35  p.m. 

7 

2.13  p.  m. 

0! 

2.50  p.  m. 

7 

3.24  p.  m. 

7 

10.25  a.  m. 

12f 

11.00  a.m. 

8 

11.35  a.m. 

7 

hrd... 
bLU.. 


do... 

do... 

U 

do... 

do... 

Sh.,hrd.M. 
M.,8.,8h... 
gy.S.,8h... 
gy.8.,P.... 


sfl.M 

stk.M 

br.M 

M 

do 

do 

gy.8 

hid.  If.,  8..... 
bk.  8.,  hid.  If 
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fldlnlty. 


Sari 


BoCm. 


Appantiis* 


Trial. 


Depth. 


Dmtir 

tiOIL 


Drift. 


Direction. 


S5 


57 


*¥. 


M.5  S3.  «8  53.93 
54.03  53.93 

,58.553.83  58.93 
53.33  54.03 


13.91 
13.94 

15.10 
14.19 
31.54 
19.03 
31.41 


18.56 
17.08 

19.85 
31.47 
33.11 
31.38 
32.51 


«.5 


U.83 
51.83 
51.83 
51.83 


8igB.bot.;Tiir. 
C9e.;#13,«aO. 

do , 


-do 

.do 

.do 

-do 

..do 


6'    Tnr.;    19" 
dr.;  «13,#30. 

....do 


y    Tnr.;    19" 
dr.;  m.   b.; 

do 


surf, 
and 
botm. 

..do.... 


..do.. 
...do.... 

do. 
...do.... 

..do. 

botm... 
..do.. 
..do.... 
..do. 


Si.  08  54. 13 
54.33 


54.53 

'32. 5155. 33  54. 73 


5&23 
56.13 
54.83 
54.13  54.03 


S8.5 


54.83 
54.73 
54.83 


54.33  54.08 


51.0354.43 


7.01 
13.33 
11.35 

31.43 
34.32 
34.03 
1&96 

33.35 

28.77 


13.07 
17.40 
19.57 

21.13 
34.19 
34.77 
33.96 

34.49 
35.36 


Tnr.ese.;BlgSc 
bot.;4'inter.; 

....do 


....do 

....do 

....do 

....do 

.....do 


surf, 
and 
botm. 

...do.... 


.do.. 

.do., 
.do.... 
.do. 
.do. 


JAn. 
10 


10 

10 
10 
10 
10 
10 

4 
4 
5 
381 

10 
10 
8 

7 
12 
12 


Against 
tide. 

..do 

..do... 
..do... 
..do... 
..do... 
..do... 


90». 
101», 
107» 


Against 
tide. 

...do , 


...do 

...do 

...do 

...do 

do 


JA. 


0.4 

35 

3 
1.3 


Tnr.  cse.:  Bigs. 
bot.;4'inter.; 
#12,«30. 

,....do...... 


surf, 
and 
botm. 

...do.. 


10 


Against 
tide. 


..do. 


Strong  ebb. 


Strong  ebb;  as  botm. 
therm,  was  tripped 
before  10-min. 
period  had  elapsed , 
botm.  temp,  was 
taken  acain. 

Strong  ebb. 


Do. 
Do. 
Da 
Do. 


Flood. 

Do. 

Do. 
Ebb. 

Flood. 


Flood;  net  toadied 
bottom. 

Flood;  ftill  of  mud; 
most  of  catch  of  ^ 
townet  let  eo  be- 
cause of  mud. 

Slight  flood. 


Do. 


Slack  water  changing 
to  fairly  strong 
ebb. 

Flood;  slow  stream. 


Flood. 
Do. 
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U.  S.  BURBAtJ  0?  FlSHfiRUSS. 

Dredging  and  Htdrographic  Records  Sbcitred  in  San 


station 
num- 
ber. 


Position. 


Chart. 


Date. 


Time  of 
day. 

Depth. 

11.56  a.m. 

Fmt. 
7 

1.26  p.m. 

m 

l.Wp.m. 

«§ 

2.10  p.m. 

I4i 

2.36  p.  m. 

18* 

3.10  p.  m. 

14 

11.30  a.m. 

G 

12.60  p.m. 

5 

1.20  p.m. 

4 

1.50  p.  m. 

6 

2.15  p.  m. 

61 

2.50  p.  m. 

7 

3.20  p.m. 

7 

4.00  p.m. 

m 

10.30  a.  m. 

11 

11.15  a.  m. 

7J 

11.35  a.m. 

10 

12.50  p.  m. 

7i 

1.25  p.m. 

6J 

1.55  p.m. 

41 

2.15  p.m. 

4! 

Caiaracterof 
bottom. 


H.4995 
H.4996 
H.4007 
H.4908 

H.5000 

H.5001 
H.5002 
H.5003 
H.5004 
H.5005 
H.5006 

H.500f 
H.5008 
H.5009 

H.5010 
H.5011 


H.5012 

H.5013 
H.5014 
H.5016 


Middle  section  cf  toy— Con. 

S<  S.47«E., 

B 

R  ,N.7»E. 

B 

8<  S.  66»  E. 

R  .N.5»W. 

Si  N.ee^E. 

P  )«W. 

Li  ,N.WW 

S<  N.23'»E.. 

P  7. 

Pt.  Blmit,  N.  80«  W , 

Southampton  Lt.,N.  14**  E. 
AlcatrazLt.,S.21''W. 

AlcatrazLt.,S.56'E 

FortPt..S.40«'W. 
Angend.Lt.,N.  WE. 

Lower  section  of  bay. 

No.  2  Beacon,  S.  36«  E , 

San  Bruno  Lt.,  N.  60«  W. 
Pt.  San  Mateo,  S.  23»  W. 
Candlestick  Pt.,N.43*'W... 
San  Bruno  Lt., 8. 88**  W. 
Pt.  Avlsadero,  N.  23'»  W. 
Candlestick  Pt.,  N.  47'  W. . . 
San  Bruno  Lt.,S.  65*  W. 
Pt.  Avisadero,N.  24*  W. 
CandlesUck  Pt.,  N.  64»  W. . . 
San  Bruno  Lt.,  N.  42**  W. 
Pt.Avisadero,N.23«W. 

Shag_Rk.,N.48*W 

San  Bruno  Lt.,  S.  21*  W. 
Candlestick  Pt.,  N.  71*  W. 

ShMRk.,S.58*W 

Rt.  Tang.  Pt.  Avlsadero,  8. 

74«  W. 
Goat  Id.  Lt.,  N.  21**  W. 

Goat  Id.  Lt.,  N.  23'*  W 

Ferrv  Bldg.,  N.  54**  W. 
Pt.  Avlsadero,  S.19«*W. 
Rt.  Tang.  Goat  Id.,  N.  15**  E . 
Lft.  Tang.  Goat  Id..  N.  5**  W. 
Ferry  Brd5,,N.  72*  W. 
Rt.  Tang.  Goat  Id.,  N.  19**  E. 
Lft.  Tan^.  Goat  Id.^.  7**  W. 
Ferry  BTdg.,  N.  8*  W. 

Pt.  Avlsadero.  S.  22**  W 

Goat  Id.  Lt.,  N.  20**  W. 
Ferry  Bldg.,  N.57*W. 

Pt.  A  viMdero.  S.  12*»  W 

Goat  Id.  Lt.,  N.  16**  W. 
Ferry  Bldg.,  N.  54*  W. 


Rt.  Tang.  Pt.  Avlsadero,  S 

71**  W. 
Goat  Id.  Lt.,  8. 55**  W. 
Sha&Rk.,N.22**W. 
Candlestick  Pt..  N.  73»  W. 
ShagRk.,N.49'*W. 
San  Bruno  Lt., S.  18**  W. 
CandlesUck  Pt.,  N.  55**  W. 
San  Bruno  Lt.,  8. 43«*  W. 
Pt.  Avlsadero,  N.2G-W. 
Candlestick  Pt.,  N.  40»  W. 
San  Bruno  Lt.,  S.  66**  W. 
Pt.  Avlsadero,  N.  22**  W. 


5532 


5632 
5532 
5532 
5532 
5532 

5531 
5531 
5531 
5531 
5531 
5531 

5531 
5531 
5531 

5531 
5531 


5531 

5531 
5531 
5531 


1912. 
Feb.  21 


..do 

..do.. 
..do.. 

-.do 

..do 

Feb.  23 
..do..... 
..do..... 

..do 

..do 

..do 

..do 

..do.... 
Feb.  27 

..do.... 
..do.... 


...do... 

...do.... 

...do 

...do 


stk.M. 

M 

do. 

8.,M... 

hrd.... 


M 

....do. 

....do. 

....do. 

do. 

do. 

do. 

do. 

S.,  M... 


do. 

do. 


M 

bk.H. 

M 

....do. 
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Temperatura. 


Sttllnity. 


Surf. 


Botxn. 


Apparatus. 


Trial. 


Depth. 


Dura* 
tian. 


Drift. 


Direction. 


RemarkB. 


F. 
55 


54.  «3 


F. 
^.28 


51 


54.93 
55.23  54.23 
54.68  64.08 
54.5854.03 
53.03  53.03 

54.2354.33 

54.7354.68 
54.83  54. 63 
54.8354.63 
54.83  54.63 
54.5355.13 


54.4353.03 
54.7353.73 
52.63  51.63 

52.8352.63 
50.38  52.48 


53.3352.03 


26.20 
28.78 


5L  5(53.13163.13 
52.83  52.83 
53.08  52.03 


28.40 
28.23 
31.00 

28.53 
28.56 
28.20 
28.14 

27.87 
27.48 

26.94 
27.68 
27.37 

27.01 
27.40 


27.81 

37.70 
28.11 
28.23 


27.60 
20.14 
28.74 
28.02 
28.14 
81.18 

27.80 
28.40 
28.33 
28.02 
27.83 
27.52 

27.17 
27.85 
28.84 

27.72 
27.11 


27.65 

27.76 
28.12 
28.28 


Tiir.ese.:Bigs. 

bot.;4'inter.; 

#12.  #20. 
....do.. 


....do.... 
....do.... 

do 

....do.... 


surf, 
and 
botm. 

...do.... 


..do... 
,*.do.... 
..do.... 
..do.... 


3 


13 

6 
10? 

8 


Against 
tide. 


..do... 
..do... 

..do 

..do... 


m. 


lia,  ose.:  Bigs. 

bot.;4'lnter.; 

#12,  #20. 
do 


do 

....do 

....do..... 
....do 

....do. 
....do., 
....do. 

....do. 
....do. 


....do. 

....do. 
....do.. 
....do.. 


surf, 
and 
botm. 

...do... 


..do... 
..do... 
...do... 
..do.... 

..do. 
..do. 
..do.... 

..do.... 
..do.... 


.do.. 

-do.... 

.do. 

.do. 


0 
7 
0 
7 
6 
6 

8 
7 

7 

10 
4 


10 
9 
6 


Against 
tide. 

...do 

do 

...do 

...do 

...do 

do 

...do 

..do 

..do 

...do 


..do 

...do 

.do 

.do 


Flood. 
Flood;  slow 

Do. 

Da 

Da 
Slack. 


Flood;  moderate  ctir- 
rent,  nearly  slack 
atend. 
Da 


Da 


Da 


Da 


Flood;  moderate  enr- 
rent,  nearly  slack 
atend.  Mad  haul, 
townets  emptied, 
mud  in  bag  of  one 
saved. 

Flood;  moderate  car- 
rent,  nearly  slack 
atend. 
Do. 


Swift  ebb  at  outset. 
Water  very  much 
clearer  than  on  last 
few  working  days. 

Ebb.  Passed  abrupt- 
ly into  muddy 
water. 

Ebb.  Return  was 
made  to  blue  water 
a  few  hundred  yds. 
from  line  of  divi* 
sion.  After  chunw 
ing  with  propeOer 
the  Surf.  iaL  WM 
27.52. 

Ebb. 


Da 
Da 
Da 
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Dbbdoino  and  Htdrooraphic  Kboords  Sbcurbd  in  Sax 


station 
num- 
ber. 

Posittoo. 

Chart. 

Date. 

Time  of 
d»y. 

Depth. 

Charaetarof 
bottom. 

H.5016 
H.5017 

D.6714 
H.6018 

D.6715 
H.5019 

D.6716 

Lower  atdhn  cf  ftoy— Con. 

CandkaUck  Pt.,  N.  41*  W. . . 
SanBnmoLt.,S.89*W. 
Pt.Aviaadero,N.21*W. 
San  Bruno  Lt.,  N.  57*  W. . . . 
San  Mateo  Pt.,S.  13*  W. 
No.2BeaooD,S.41*E. 

MiddU$eetkm€fbtt9, 

Brothers  Lt.,N.  40*  E 

Rt.  Tang.  Red  Rk..  S.  27*  E. 
SanPirroPt.,N.i*E. 

Upper  $ectkm  of  ba^. 

Brothers  Lt.,S.  11*  W 

Rt.  Tang.  Sisters,  N.  86*  W. 
Pt.  Pin3e,N.64*E. 
Pt.  Pinole,  N. 80* E... 

6881 
6631 

6682 

6533 
6533 
6533 

5682 

5588 
5688 

5688 
5688 

6531 

6631 

5631 
6531 
6531 
6531 
5631 
5631 

1912. 
Feb.  27 

...do 

Veb.  28 

...do 

...do 

...do 

Feb.  28 

Mir.    1 
...do 

...do 

...do 

Mar.    6 

...do 

...do 

Mir.    8 

...do 

...do 

...do 

...do 

2J0p.m. 
8.00  p.m. 

10.15  a.m. 

Iljy7a.m. 
1.10  p.m. 
i.06p.m. 

8.19  p.m. 

ia46a.m. 
L18p.m. 

L40p.m. 
i.44p.m. 

ia09a.m. 
L21p.m. 

1.50  p.  m. 
10.38  a.m. 
12.40  p.m. 

1.19  p.m. 

2.37  p.m. 

8.11p.m. 

61 

15 
9 

Jl 

6 
9 

7 
6i 

? 

? 
If 

? 
.? 

SI 

n 
% 

6 
6 

a 

6 

M 

do 

bk.8.,lC.,Sh 

87.8..  gJ.M 

8ft.  M 

H.5020 

D.6717 
H.5021 

D.  5718 

Brothers  Lt.,  S.  23*  W. 
Rt.  Tang.  Sisters,  S.  55*  W. 

MareId.Lt.,N.i4*E 

Pt.  Pinole,  S.  77*  E. 
Brothers  Lt.,S.  29*  W. 

MiddU9eetkm€fbaf. 

Quarry  Pt.,  8 

do 

gy.M 

H.5022 
D.  5719 

Chauncey  Pt.,  N.  674*  w!!..* 
Southampton  Lt.,  N.  76*  E. 

Upper  teethncf  bay, 

PinolePt..  8.  62*E. 

M 

H.5023 

D.6720 
H.6024 

D  6721 

Mareld.  Lt.,N.66*E. 
Brothers  Lt.,  S.  30*  W. 
Lft  Ta^.  Crockett  Whf., 

Rt.'Tang.  'Selby  Whf.,  8. 74* 

W. 
Carquinet  Lt.,  N.  67*  W. 

CarqulnesLt.,N.41*E 

MareId.Lt.,N.82*W. 
Lft.  Tang.  Crockett  Whf.,  8. 

78*  E. 

Carquine*  Lt..  N.  74*  E 

Lft.  Tang.  Selby  Whf.,  E. 
Lone  Tree  Pt.,  8. 42*  E. 

Lotfer»eetkm€fbaf, 
Rt.  Tang.  Mission  Rk.,  N. 

GoatId*Lt.,N.l*.E. 
Ferry  Bldg.,  N.  46*  W. 

OoatId.Lt..N.20J*W 

Rt.  Tang,  lilsslon  Rk.,  N. 

63*  W. 
81 

0(                                W 

SI 

Sc                               *W. 

SI                               

8fl.M.,m.8 

1*   8..8t 

H.6026 
D.6722 

M..Sh 

H.5026 

D.5723 
H.5027 

D.5724 

bk.M.,8h 

8(t.||.  gh     

H.5028 
D.5725 

sfLM 

H.5029 
D.5726 

bk.8.,M 

H.50aO 

D.5727 
H.5031 

D.6728 
H5032 

D.6720 
H.5033 

D.67a0 

0                         w. 
Si                              J«W. 
SI 

0                        w. 
Si                              •W. 

SI                                

Ci                                17*  W. 

81 

C«                                13*  W. 

Si                             'W. 
O                              I9J*W. 

stk.  bk.M 

8.,bk.M.,8h 

bk.M.,8h 

bk.M 

H.6034 
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TampsAtiiiu. 


Salinity. 


fttff> 


Botm. 


Appantus. 


TriaL 


Depth. 


Dnra- 
tioo. 


Drift. 


Direction. 


Remarks. 


F. 
IS 

stslsi. 


38.28 


SB.  88 


28.35 


51.00 
5L00 


SLOO 


SLOQ 


SLOO 
S2.00 

|54    50.00 
flOiOO 


50.00 
S1.&U.50 
Q.fta2.00 
•2.502.00 

52.00 
M.S52.00 


Tnr.  oae.:  Slgs. 
bot.;4'liit«r.; 

..•:^*»: 


y  Tnr.;  10"  dr. 

y  Tnr.;  10"  dr. 

yTnr 

do 


Surf  and 
botm. 

..do.... 


botm... 

botm. . 
..do.... 
..do.... 


y  Tm.;  10"  dr. 

6'Tiir.;iydr. 
yTiir.;m.b. 


botm. 


botm. 
..do... 


O^A^.;  m.b.. 
....do 


.do... 
.do.... 


O'Tnr.;  m.b... 

0'Ag.;m.b... 

B^Txtt.;  m.b.. 
0'Ag.;m.b... 

....do 

y  Tiir.;m.b., 
0'Ag.;m.b... 
do 


botm. 

..do... 

...do... 
...do... 

..do... 

..do... 

..do... 

..do... 


Mhi. 
7 


18 

Ml 

15 

18 

23 

20 
11 

28i 
2M 


10 

14 
17 
15 
86 
IS 
12 


Against 
fide. 

..do 

I72» 

iW 

231« 

334« 

134* , 

44« 

358* 

286« 

246* 

131* 

172* 

82* 

840* 

154* 

102* 

MO* 

140* 


3il 


Ebb. 
Da 

Ebb. 

Ebb. 
Da 
Da 


Ebb.  QnantittaB  ol 
worm  tabes  and 
ophiurians. 


Flood.    Boat  dr. 
lost. 

Ebb. 

Do. 
Da 


Flood.    AbOBdanO 
ophiurians. 


Flood. 

Do. 
Ebb. 
Flood. 

Do. 

Do. 

Do. 
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Dredoinq  and  Hydboorafhic  Reoor]>8  Sbourbd  in  San 


station 
num- 
ber. 

Podtton. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

(HUM^GddenGate. 

C.8. 

1912. 

D.6731 

MlleBk.Lt.,N.71«E 

6532 

Mar.  11 

9.47  a.  m. 

/m».lfl 

crs.8.,P.,Sh 

H.fi035 

BonitaPt.  i;t..N.9*£. 
LimePt.U.,N.49*E. 

/IIW.9} 

' 

D.6732 

MllflRk.Lt.,N.75«E 

BonitaPt.  Lt..N. 87' E. 
LimePt.Lt.,k6M«E. 

BoniUPt.Lt..N.«*E 

limePt.  Lt.,N.68*E. 

5532 

...do 

10.31a.m. 

fnu.ii 

crs.  8.,  O 

H.6036 

D.fi733 

5532 

...do 

11.06  a.  m. 

fmt,9 
ftnt.S 

fne.dk.  8 

H.60S7 

MUeRk.  Lt.,N.72«E. 

D.6734 

Bonita  Pt.  Lt.,  N.  67*  E 

LlmePt.  Lt.,N.71*E. 

5532 

...do 

12.40  p.  m. 

/:K:3 

fne.gy.  8 

H.5038 

MUeRk.  M.,N.87«E. 

D.6735 

Bonita  Pt.  Lt..  N.  67*  E 

LlmePt.  Lt.,N. 71* E. 

6532 

...do 

1.27  p.m. 

fnu.H 

do 

H.5039 

/iM-l? 

Mile  Rk.  Lt.;  E. 

D.5736 

Bonita  Pt.  Lt.  N.  67*  E 

Ume  Pt.  Lt.,  N.  TT  E. 

5532 

...do 

2Lllp.in. 

/m«.9f 

do 

H.6040 

/1IW.10 

MlleRk.Lt.,8.85^*E. 

D.6737 

Bonita  Pt.  U..  N.  (tU*  E.... 
Fort  Pt.  Lt.,  N. 81*E. 

5532 

...do 

2L4Ap.m. 

/nM.10| 

....^ 

H.6041 

fmsA? 

Mile  Rk.  Lt.,  8.  83*  E. 

Middle  $eetkm<tfba9. 

D.5738 

Mile  Rk.  Lt..  8. 33»  W 

Bonita  Lt„  fl.  87«  W. 
IJmePt.  Lt.,N.47»E. 

5632 

Mir.  13 

9.30  a.  m. 

fmtJBO 
/nM.23 

R.,sh.  8 

H.6042 

D.6799 

Alcatras  Lt.,8.  244*  W 

Southampton  Lt.,11. 9*  E. 

5532 

...do 

10.56  a.m. 

/11W.18 

8.,8.M 

H.fi043 

Blunt  Pty  8.  7ir  W. 
Alcatra»it.,8.WW 

D.6740 

5532 

...do 

1.21  p.  m. 

fmt,7 

w^f^.  B.,  gy- 

H.fi044 

Rt.  Tang.  AngelId..N.38*  W. 
Rt.  Tang.  Goat  Id.,  8.35J*  E. 

fmt.H 

D.5741 

Belvedere  Pt.,  8. 62*  W 

5682 

Mar.  18 

9.34  a.  m. 

/m#J9! 

crs- 87*  8.,  Sh.,  St.. 

H.6045 

Lft.  Tang.  Angelld.,8.  S6*  E. 
Rt.  Tang.  Bluff  Pt.,  N.  10*  E. 

/1IM.18 

D.  6742 

Belvedere  Pt.,8.M»  W 

Rt.  Tang.  Bluff  Pt.,N.30»W. 

6532 

...do 

10.<l2a.m. 

/flwJOi 

crB.g7.&,ffli.,St, 

H.fi046 

/mtjao 

bk.M.' 

Alcatras  Lt.,  8. 75**  W 

Southampton  Lt.,  N.  2*  W. 
Rt.  Tang.  Goat  Id.,  8. 42"  E. 

D^743 

6532 

...do 

10.50  a.  m. 

/mt.lO 
/iiM.15i 

m.  8...., 

H.M47 

D.5744 

Alcatras  Lt.,S.  82*  W 

Southampton  Lt.,  N.  30*  W. 
Rt.Tang.lJoatId.  S.IS^-W. 

6532 

...do..... 

l.»p.m. 

fmt,  6 

8.M 

H.5048 

D.5746 

AlcatrazLt.,N.75«w: 

6532 

...do 

3.12  p.m. 

fmt.l2\ 

gy.  S.,blk.M.,6h. 

B.fi049 

8outhamptonLt.,N.ll«W. 
Lft.  Tang.GoatId.,S.80*B. 

D.5746 

Belvedere  Pt.,N.  84*  W 

5632 

...do 

4.09  p.  m. 

/7W.18 

gy.8.,P.,8h.,M.. 

H.fiOSO 

Angelld.  Lt.,  8. 66»  E. 
Lft.  Tang.  Angel  Id.,  N.  fi9J» 

/7IM.18 

D.6747 

Southampton   Lt.   to   Rt. 
Tang.  Red  Rk.,  74»  89'. 

6532 

Mar.  19 

9.52  a.  m. 

ft.     4 

dk.8tk.  M 

H.5051 

Mm.  5 

Rt.  Tang.  Red  Rk.  to  Broth- 

ers Lt.,63»  39'. 
Tang.  Pt.  Channcey  to  Rt. 

D.fi748 

6532 

...do 

10.34  a.m. 

ft.     4 

do 

H.6062 

Tang.  Red  Rk.,  64*  40'. 
Rt.  Tang.  Red  Rk.  to  Broth- 
ers Lt.,  27*  27'. 

ymM.5 

D.5749 

CaUfbmia  Pt.  to  Rt.  Tang. 

6532 

...do 

11.13  a.m. 

ft.     5 

dk.8tk.M.,8h... 

H.5063 

RedRk.,60'29'. 
Rt.  Tang.  Red  Rk.  to  Pt. 
8anParo,55*48'. 

Ws 

SauaaUto 

...do..... 

D.S760 

Lft.  Tang.  Red  Rk.  toBIoUl- 
er8Lt.,46*32'. 

6532 

Mar.  20 

10.12  a.m. 

ft     6 
fmt.  5 

B.6054 

Brothers  Lt.  to  Lft.  Tang. 

Sisters,  29*  54'.           ^^ 
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.515  51.00 
51.00 
5L00 

{sissoloo 


saoo 
saoo 


Kjisaoo 


50.00 


S1.00. 

5100. 
5100. 
5100. 

50.00 

50.00 

50.00 


54.5,51.00 


.do. 


.do.. 


.do.. 


9' Ag.;m.b.. 
y  Tnr.;  m.b.. 
do 


V  Ag.;  m.b.. 


.do.. 


.do. 


.do. 


.do. 


do 

3'Tnr.;19"dr 
.....do 


.do 


.do. 


Ju  rf. 
and 
botm. 

..do.... 


.do., 
.do.. 


.do.. 


.do., 
-do.. 


Surf, 
and 
botm. 

...do.... 


..do.. 


..do... 
..do... 


.da.. 

.da.., 
.da., 
.da.. 

.da.. 

.da.. 

.da.. 


botm.. 


101 
17 
20 
18 
14 
13J 
20 

9 
15 
29 

4 
11 


15 
16 
9 


14 

7 


U 


16 


248». 
235". 
61«.. 
92».., 
68i»., 
79i«., 


7or 


.27 


.25 


Ebb. 

Do. 

Da 
Flood. 

Do. 

Do. 

Do. 

Ebb. 

Do. 

Do. 
Flood. 

Do. 


Flood.  Large  quan- 
tity living  worms, 
molluscs,  and  brit- 
tle stars.  Bridle- 
stops  parted. 

Ebb.  Quantities  of 
worm  tubes. 

Da 


Da 


Flood. 


Da 


Da 


Material  collected 
from  piles  of  Ferry 
Bldg. 

Flood. 
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U.  S.  BUREAU  OF  FISHERIES. 

Drbdoino  and  Htdroorafhic  Rkcords  SicusKD  IN  San 


Station 

Podtkin. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

D.5751 

WddU9eetionofba^-C<m. 

San  Qtientin  Pt.   to  Lft. 

Tang.  Red  Rk.,  60*42'. 
Lft.  Tang.  Red  Rk.  toBroth- 

ors  U.,  47-  23'. 

Upper  tectum  of  baf. 

Lit.  Tang.  Marin  Id.  to  Lft. 

Tang.  Red  Rk.,  49*  00'. 
Lft.l^ng.  Red  Rk.  to  Lft. 

Tang.San  Pablo  Pt.,37*02'. 

MiddUeeetknofbaf. 

Rt.  Tang.  Sister  to  Lft.  Tang. 

8anQuentinPt.,73»30'. 
Lft.  TMig.  San  Quentin  Pt. 

toCaUfomiaPt.33'48'. 
Soatbampton  Lt.  to  Alcatras 

Lt.,  92^56'. 
AicatraE  Lt.  to  Rt.  Tang. 

Ooatld.,60*28'. 
Sonthampton  Lt.  to  Alcatras 

Lt.,  78^36'. 
Alcatras  Lt.  to  Ferry  BIdg., 

Brothers'  Lt.  to  Lft.  Tang. 

San  Quentin  Pt.,  64*  38'. 
Lft.  Tang.  San  Quentin  Pt. 

to  Bluff  Pt.,  78*  44'. 

Upper  section  of  hay. 

Rt.  Sister  Id.  to  Lft.  Tang. 

Marin  Id.,  66*  56'. 
Lft.    Tang.    Marin   Id.    to 

Brothers  Lt.,  38*  03'. 
Brothers  Lt.,  296%  0.33  mile. . 

End  of  brickworks  pier,  indi- 
cated on  chart. 

Pt.  Edith  Beacon,  84*,  1.66 
mU«. 

Pt.  Edith  Beacon,  230%  0.4 

Middle  teetkm  of  b09. 

Began  25  yds.  off  Pt.  Stuart 
and  along  shore  at  dis- 
tances of  from  20^50  yds.: 

Bee  chart.    Stood  up  Rao- 
coon  St.  at  distances  of 
from  25-50  yds.  fkxMBi  shore. 

C.8. 
5632 

5682 

5532 
5532 
5582 
5532 

5532 

5582 

5533 

5534 
5584 

5532 
5532 

1912. 
Mar.  20 

Mar.  20 

Mar.  20 

Mar.  26 

...do 

Mar.  26 

Mar.  26 

...do 

Apr.    1 

Apr.    2 
...do 

Apr.    3 
...do..... 

11.18  a.  m. 
1.03  p.m. 

1.54  p.m. 
10.16  a.m. 

1.34  a.m. 
10.13  a.m. 

IIM  a.  m. 

1.07  p.m. 
12.45  p.m. 

9.06  a.m. 
9  JS6  a.  m. 

fL     4J 

/«#.6 

fL     5 
/m..5J 

/nu.  8| 
fmt.2 

fmt.A 
ft     4i 

/11W.2 
/t     4 
/IIM.  4 

fm9.H 

rf 

fms.  2 

H.5066 

D.S752 
H.6066 

D.5758 

bn.^.M 

bn.-gy.M 

H.6067 
D.5754 

bn.M 

H.6068 
D.5765 

fn»  fl-,  Sh... 

H.6050 
D.6756 

£7.  M 

H.6060 
D.5767 

m.8 

H.M61 
D.6758 

CT.M 

H.S062 
D.57S9 
H.6063 

D.5760 

dk.gy.stk.M 

S..MI 

H.M64 
D.6761 

in.8 

B.6066 
D.67tt2 

R 

H.6006 
D.6763 

B.O 

H.6067 
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S0.5I5&00 


55    oXOO 


5X00 

50.00 

S  50.00 

90.00 

SLOO 

5100 
53.00 

«.00 
40.00 


S'Tiir.;19"dr.  botm^.      13      1»** 0.6    Flood. 

0 


8"mr.;19"dr 


8'Tnr.;iydr. 


.do.. 


..do.. 


.do.. 


8'Tnr.;19"dr. 


.do.. 


.do.. 


..do.. 


.do-. 


yTiir.;iy'dr. 


.do.. 


botm.. 


botm.. 


.do.. 


.do.... 


.do.... 


botm... 


.do. 
.do.... 

.do.... 
.do.... 


botm.. 


.do.. 


47 
164 

7 


12 
9 


21 

10 

110 


10 
10 


45 
10 


200*. 


77*. 


asar 


127«. 


56» 


9r.... 

826*».' 
73'.... 


73* 


130' 


42*. 


.2 


.1 


3.4 


1.0 


Fkwd. 


Fkwd. 


Ebb.  OperatioDS 
conducted  from 
laanch. 

Flood.  Oporatlons 
conducted     from 


Ebb.  Operations 
conducted  from 
laondi. 


Ebb.  Operations 
oandncted  from 
launch. 

Do. 

Flood.  Operations 
conducted  from 
launch. 

Flood  and  ebb.    Op- 
erations conducted 
through  change  of 
tide  from  launch. 
Do. 


Hauled  twice  on  run. 
but  before  third 
haul,  dr.  was  lost 
with  20  fms.  line. 
Flood.  Operations 
conducted  from 
launch. 

Ebb  and  flood.  Op- 
erations conducted 
through  change  of 
tide  from  launch. 
Places  dredged  are 
indicated  on  chart 
by  black  line.  En- 
tire run  is  indi- 
cated by  dotted 
line.  Dr.  down 
twice  on  this  run, 
then  ran  over  in 
same  direction. 
Dredged  off  sand 
beaches  in  only 
twoi* 


•ForO^mito. 


»FQr  1.8  mile. 
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U.  S.  BUREAU  OF  FISHERIES. 

Dbbdoino  anb  Htdroorafhig  Bbgordb  Secured  in  San 


station 
num- 
ber. 


Podtion. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


Character  of 
bottom. 


D.5764 
H.6068 


Middle  section  of  bap— Con. 
Pt.  Campbell,  287%  0^  mOe.. 


D.6765 
H.6060 


Pt.  Blunt, 84%  lao yds.. 


D.5766 
H.fi070 

D.6767 
H.5071 


D.57e8 
H.5072 


D.6789 


D.5770 
H.fi073 


D.5771 
H.5074 

D.5772 
H.5075 
D.5773 
H.5076 
D.5774 
H.5077 


D.5775 
H.6078 

D.5776 
H.6079 
D.6777 
H.5060 

D.5778 
H.50ei 


Lower  section  of  bay. 

In  Alameda  Channel,  3.87 
miles  from  end  of  piers. 

Goat  Id.  Lt.,  Ferry  Bldg., 

23»67'. 
Ferrv  Bldg.,  Hunter's  Pt., 

79M2'. 
Goat  Id.  Lt.,  Ferry  Bldg., 

22*48'. 
FenyBldg.,  Pt.  Avisadero, 

Middle  section  o/toy. 
Fort  Pt.  Lt.,  194%  0.8  mile. , 


Bonita  Pt.  Lt.,  109|«,  0.25 
mile. 


Sausalito  Pt.,  169}*,  150  yds. . 

Belvedere  Pt.,  123}*,  0.7  mUe. 
Yellow  Bluff,  154*,  0.44  mile.. 
Lime  Pt.  Lt.,  68*,  200  yds. . . , 


Pt.Cavallo,283*,25yds. 


MileRk.  Lt.,276*,  1.12  miles. 
Fort  Pt.Lt.,  241*,  140  yds 

Fort  Pt .  Lt.,  288}*,  0.82  mUe.. 


C.8. 


5633 


1912. 
Apr.     8 


5532 


...do.. 


5632 
5582 

5632 

5532 
5532 


Apr.    8 
Apr.    9 

...do 

Apr.  15 
...do.... 


5532 

...do 

5532 

...do 

5532 

...do 

5532 

Apr.  16 

5532 

...do 

5532 

Apr.  17 

5532 

...do 

5632 

...do 

1.08  p.  m. 
10.44  a.  m. 

1.25  p.m. 

9.45  a.  m. 
10.37  a.  m. 

1.09  p.m. 

2.57  p.  m. 
3.55  p.m. 
9.45  a.  m. 

.  10.45  a.m. 

9.48  a.  m. 
10.44  a.  m. 

.  11.00  a.m. 


Ftim. 
41 


E.G. 


^ 


8 


n 


gy.M... 

m.B 

hrd.  8h. 

hrd.Br.. 


S 


bn.M.. 

sft.M. 
E.,St. 
0.,R.. 


fne.gy.8.,B.. 
R 


gy.S.,8t... 


Digitized  by 


Google 


DREDGING  A2SIJ}  HYDBOGRAPHIG  RECORDS. 
Frakcugo  Bat,  Calif.,  1912-13,  and  Mabch,  1914— Continued. 


33 


SiOiiilty. 


Barf. 


Botm. 


AppantQi. 


Trial. 


Depth. 


Don- 
tion. 


Drift. 


DiiecUon. 


Remaika. 


*F. 


*F. 


Q   56^00 
9    S2.50 

51.J54.0Q 

a.5|SL00 
«1.5|51.Q0 

i 
I 

no    $4.00 
^    53.00 


n   J&3.00 
«    55.00 


55.00 


,54.00 
81    ,55.00 


S5.00i 


3'  Tnr.;  !•"  dr. 


IfT*. 


.do. 


.da. 


8'  mr.;19"dr. 
do 


boim.. 
...do... 


l»"dr 

yTnr.;  l«"dr. 
....do 


.do.. 


botm.. 
...do... 


.do. 


..do.. 


.do. 


.do. 
.do. 


.do., 
.do., 
.do.. 


.do. 


.do.. 


.do. 
.do. 


..do., 
.do.. 


.do. 


..do.... 


a  For  1  mile. 


33 

28i 


14 
12 
9 


29 


54 
26i 


141 

16 
16 


10 
7 

20 
16 

5 

3i 

22* 
16 


IS** 


347« 


12 
241  ».• 


17» 


88* 


813*. 

128*. 
148*. 
264*. 


263J*- 
112*.. 


99§*. 


Mi, 
a  62 


.48 


3.87 
1.7 

3.00 
.48 


1.45 

.7 

.38 

.6 

.25 

.87 
.29 

.63 


Ebb  and  flood.  Op- 
erations conducted 
throiu^  change  of 
tide  from  launch. 
Ran  down  on  NE. 
and  E.  shore  of 
Angel  Id.,  25-50 
yds.  offshore.  Dr. 
down  as  indicated 
by  black  lines  on 
chart. 

Ebb  and  flood.  Op- 
erations conducted 
through  ehange  of 
tide  firom  launch. 
Ran  along  S.  shore 
of  Angel  Id.;  dr. 
down  as  indicated 
by  black  lines  on 


Flood.     Operations 

oondnctea      fhipi 

launch. 
Ebb.    Operations 

conducted    from 

launch. 

Flood.  Operations 
conducted  from 
launch;  beam  trawl 
lost  In  beginning. 


Flood.     Op 

oonducti-      

launch.    No  botm. 
samples  taken. 

Ebb.  Along  N.  side 
Golden  Gate. 
Both  dfs.  oaoght 
frequently.  Run 
with  3'  Tnr.  over 
same  ground  May 
8  1912. 

Eb\>.     Operations 
conducted     from 
launch. 
Do. 

Do. 

Flood.  Operations 
conducted  from 
launch.  Stones 
covered  with  bac^ 
nacles  and  bryo> 
soas. 

Flood.      Operatian 
conducted      ftom 
launch. 
Do. 


Do. 


Do. 


8572*— 21 3 
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U.  S.  BUBEAU  OF  FISHEBIES. 

Drbdgino  and  Htdrooraphig  Records  SscintBD  in  San 


Statioo 
num- 
ber. 

Podticm. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

C.8. 

1912. 

Ji^lM. 

H.Q0B2 

Brothen  Lt.,  S.  18|«  E 

Lit.  Tang.  Maiin  Ids.,  8.  fiU* 

W. 
Rt.  Tang.  Sbten,  N.  «•  W. 
Brothers  Lt.,  8.  ir-W 

5688 

Apr.  28 

10.55  a.m. 

IH 

M 

H.6063 

•      ^    5533 

...do 

11.4D  a.  m. 

6 

do 

Rt.  Tang.  Sisters,  8.  eoj*  W. 
Pt.  PlnSe,N.72*E. 

Brothers  Lt.,  8. 82}*  W 

Rt.  Tang.  StetersTB.  66)*  W. 
Pt.Plnde,8.73i'E. 

H.5084 

5533 

...do 

1.20  p.m. 

6 

do. 

H.6085 

Lone  Tree  Whf.,  8. 84*  B. . . . 
Mareld.  Lt^N.66*B. 
Pt.  Pinole,  8. 40»E. 

5533 

...do 

1.55  p.m. 

H 

do 

H.5080 

Mareld.  LtMK.63«E 

Lone  Tree  Whf.,  8. 87|»  B. 

5588 

...do 

2.85  p.m. 

5 

do 

8eIbyWhf.,8.88-E. 
Mareld.  Lt.,N.32»W 

H.6087 

6588 

...do 

8.10  p.  m. 

10 

do. 

01eumWhf.,8.82»W. 
CarquinesLt.,N.fi6i*E. 

CBrquIne«Lt.,N.«»W 

Crockett  Whf.,  8. 68i*B. 
8eIbyWhf.,8.«4*W. 

H.fi068 

5688 

...^0 

8.40  p.m. 

144 

do. 

Lower  $eetion  of  bttv. 

H.508B 

Ferry  BMg.,  N.  ST  W 

5581 

Apr.  26 

10.08  a.m. 

12 

bk.8 

OoatId.Lt.,N.8»E. 

Pt.  Avteadero,  8. 5«  E. 

H.6000 

OoatId.LtyN.28«W 

Lft.  Tang.  Mission  Bk.,  N. 

5581 

...do..... 

10jr7a.m. 

n 

Bft.M 

84*W. 

Pt.Avi8adero,8.18*W. 
Shag  Rk.,  8. 57*  W 

H.6091 

5581 

...do..... 

11.16  a.m. 

H 

do 

Ooatld.  Lt.,  N.  1M*W. 
San  Bruno  Lt..  S.lTj'W. 

8hagRk.,N.62Jr*W 

8imBrunoLt.,B.17-W. 
Pt.Avl8adero,N.21«W. 

H.5002 

5581 

...do..... 

11.47  a.  m. 

7 

1£ 

H.5003 

San  Bnmo  Lt.,  8. 40§*  W.... 
ShagRk.,N.83*W/ 
No.  2  Beaoon,  8. 29*  E. 

5531 

...do 

12.52  p.m. 

H 

do 

H.60M 

No.2B«aoon,8.27jrE 

SanBnmoLLs.dVj'W. 

5531 

...do 

1.17  p.m. 

*\ 

do 

H.5006 

8hagRk.,N.3ii«w: 

No.2Beaoon,S.30|*E 

San  Bnmo  lLn.W'W. 

5531 

...do 

1.40  p.m. 

H 

do 

H.50Q6 

8hagRk.,N.a»i*W. 

No72  Beaoon.  sTm'E 

San  Bnmo  Lt.,N.61i«W. 

5581    ...do 

2.10  p.m. 

6 

do 

8hagRk..N.A«W. 

MiddUteeiUmofbav. 

H.S007 

AloatrasLt.,8.61*E 

LimePt.Lt.,8.52J*W. 
AjigalId.Lt.,N.22|*E. 

6582 

Apr.  29 

12.59  p.m. 

10 

hrd 

H.M98 

Aloatra«Lt.,B.2»*W 

Pt.  Bhmt,  N.  61^W. 
Southampton  Lt.,  N.  10*  E. 

5582 

...do 

1.48  p.m. 

m 

do 

H.50M 

AkjatrasLt.,S.17i*W 

Rt.  Tang.  Angel  Id..N.63*  W. 

5532 

...do 

2.15  p.m. 

16 

.....do 

H.6100 

Southampton  Lt..  N.  64*  E.. 
Rt  TangrAngel  Id.,  8. 73*  W. 
Rt.  Tang.  Red  Rk.,  N.  11*  W. 

5582 

...do 

2.89  p.m. 

7* 

II 
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Temperature. 


55.73  53.W 


U.  43  5181 


5Se.23^75 


S9.556.2355.96 


56.5  56.23  S«.  66 


S&  03  55. 91 
56.2355.91 


55.3352.86 
IM.551.63  53.71 


55.73,54.81 
55.7355.36 
55.7356w86 
57.5157.01 


57.23 


57.01 


57.53  57.11 


•56    52.0351.81 


53.23 


51.86 


53.785101 


54.215186 


Salinity. 


Surf. 


18.83 

16.17 
13.18 


4.15 
3.75 
3.25 

25.85 

26.55 

26.21 
24.85 


27.17 
27.17 
26.87 

31.36 

30.02 
29.05 
28.56 


Botm 


22.68 


8.00 
7.70 
9.71 
9.03 

29.06 
27.79 
26.39 


27.01 
27.08 


27.31 


81.61 


3L16 


30.70 


29.56 


Appantus. 


Tnr.  cse.;  Ek. 
bot.;4'inter.; 
#12,  #30;  Ek. 
smp.;  Pr.  in. 


■"£:, 


....do , 

....do 

....do , 

....do 

....do 


Tnr.  cse.:  Ek, 
bot.;4'lnter.; 
#12,#20;Ek. 
snip.;  Pr.  m. 

.....do 


..d0....m«.< 


.do.. 


.do., 
.do., 
.do.. 


.do. 


Tnr.  cse.;  Ek. 
bot.;4'inter.; 
#12,«30;  Ek. 
8mp.;Pr.m. 


.do 


do 


Trial 


Depth. 


surf, 
and 
botm. 

..do.... 


..do.... 

..do.,.. 

..do.... 

..do.. 

..do.. 


surf, 
and 
botm. 

...do.... 


..do... 


..do.. 


..Ho... 
..do.., 
..do.. 


.do.. 


iurf . 
and 
botm. 


...do.... 


...do.... 


.do. do.... 


Dura- 
tion. 


10 


10 
9 
10 
10 
20 
10 

10 

9 

12 
8 
12 
11 
9 
10 

12 
13 


Drift. 


Direction. 


...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 


Against 
Ude. 


...do — «. 

...do... 
...do... 
...do.. 
...do.. 
...do.. 
...do.. 


Against 
Ude. 


..do. 


..do. 


21   ...do... 


Ml. 


Remarks. 


Ebb,  3.03  knots  per 
lir 


Ebb,  2.00  knots  per 
hr. 

Ebb,  0.97  knot  per 
hr. 

Ebb,  0.52  knot  per 
lir. 

Ebb,  0.82  knot  per 
hr. 

Flood,  0J>7  knot  per 
lir. 

Flood,  0.68  knot  per 
hr. 


Ebb,  1.96  knots  per 
hr.  Cable  out  8 
fms. 

Ebb,  1.91  knots  per 
hr.  Cable  out  7 
tms. 

Ebb,  2.23  knots  per 
hr.  Cable  out  8 
Cms. 

Ebb.  Cable  out  5 
tais. 

Ebb,  1.40  knots  per 

hr.     Cable  out  3 

ftns. 
Ebb,  L42  knots  per 

hr.     Cable  out  3 

ftns. 
Ebb,  1.59  knots  per 

hr.     Cable  out  3 

fms. 
Ebb,  L58  knots  per 

hr.    Cable  out  31 

fms. 


Ebb,  0.54  knot  per 
hr.  Cable  out  28 
fms.  Botm.  too 
hard  for  penetra- 
lion  by  sampler; 
no  botm.  sample 
taken.  Net  towed 
for6min. 

Ebb,  0.70  knot  per 
hr.  Cable  out  1) 
ftns.  Botm.  too 
hard;  no  sample 
taken. 

Ebb,  l.fl0  knots  per 
hr.  Cable  ou^  13 
fms.  Botm.  00 
hard;  no  sample 
taken. 

Ebb,  1.76  knots  per 
hr.;  123  knots  at 
3.15  p.  m.  Cable 
out  4|  fms. 
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Station 
num- 
ber. 

Positioo. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

H  5101 

Bt.  Tang.  Bed  Rk.,  N.  5|*  W . 
Lft.  Tang.  Bluff  Pt.,S?47J* 

Southampton  Lt..  8. 69*  E. 
Bt.  Tang.  Red  Rk.,  N.  8*  E . 
Lft.  iSol.  Bluff  Pt.'8.8*W. 
Southampton  Lt.,  S.  50*  E. 
Bt.  Tang.  Bed  Bk.,  8. 534*  E . 
Southampton  Lt..  8. 51<^E. 
Brothecslt.,N.  I6*E. 
Bt.  Tang.  Bed  Bk^ 8. 62*  E. 
Brothers  Lt.,N.  28*  E. 
Southampton  Lt.,  8. 36§*  £. 

Upper  eeetUm  of  baif. 

Brothers  Lt,  8. 4*  B 

Lft.  Tang.  Karin  Ids.,  8. 69}* 

Bt.  Tang.  Sisters,  N.  271*  W. 

Brothers  Lt.,  8. 22*  W 

Bt.  Tang.  Sisters,  8. 62J*  W. 
Pt.Plnae,N.7li*E. 

Brothers  Lt.,  8.  a*  W 

Bt.  Tang.  Sisters,  8. 60*  W. 
Pt.  Pinole,  8.  71*  E. 
Lone  Tree  Whf.,8. 83}*  B... 
Biareld.  Lt»N.66*E. 
Pt.  Pinole,  S.  37*  W. 

MareId.Lt^N.63*a. 

Lone  Tree  Whf.,  8. 43*  £. 
Selby  Whf.,  N.  80*  E. 

MareId.Lt.,N.44*W 

CarqulneKLt.,N.40*£. 
Crockett  Whf.,  S.  71*  E. 

MareId.Lt.,N.63*W 

Selby  Whf.,  8. 69*  W. 
Crockett  Whf.,  8. 67}*  E. 

Lower  uetkm  oflmg, 

OoatId.Lt.,N.19}*E 

Fenv  BldJf..  N.  68^W. 
Pt.Ayi^ero,8.Ui*B. 

OoatId.Lt.,N.14J*W 

Lft.  Tang.  Aiaslan  Bk.,  N. 

Pt.Avisadero,8.9i*W. 
Shag  Bk.,  8. 68*  W. 

as. 

5532 

5532 
5532 
5582 

5533 

6633 
6533 
5533 
5533 

6633 
6533 

6531 

6531 

6531 
6631 
5531 
6631 
6681 
6531 

6682 

1912. 
Apr.  29 

...do 

...do 

...do 

Apr.  30 

...do 

...do 

...do 

...do 

...do 

...do 

May     1 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Hay    6 

3.31p.m. 

4.00  p.m. 
4.26  p.m. 
4.54  p.m. 

9.49  a.m. 

10.13  a.  m. 

10.41  a.  m. 
11.18  a.m. 
11.49  a.m. 

12.42  p.m. 
1.07  p.m. 

9.38  a.  m. 

10.12  a.m. 

10.41  a.  m. 
11.12  a.m. 
11.38  a.m. 
12.05  p.m. 
12.29  p.m. 
1.00  p.m. 

11.09  a.m. 

12J 

71 

8 

9 

14 
7 

4 

6i 

16 

10 

7 

5 

5J 

6 

*l 

111 

M 

H.6102 
H.510S 

do 

hrd.  K 

H.5104 
H.6105 

do 

M 

H.5106 
H.6107 
H.5108 
H.5109 

H.5110 
H.5111 

F.6112 

do 

do 

.....do 

do 

do 

do 

B 

H.5113 

H 

H.5114 

do * 

H.6115 
H.6116 
H.6117 

GhwtId.Lt.,N.18*W. 
San  Bruno  Lt,  8. 20*  W. 

ShagBk..  N.  42*  W 

S8mBrunoLt.,S.18**W. 
Pt.  Avlsadero,  N.  lol*  W. 

San  Bruno  Lt,  S.  40*  W 

8hagRk.,N.^*W. 
Nor2BeBCon,S.28*£. 
Shag  Rk.,  N.  31*  W 

i 

do ' 

1 

do 

1 
1 

.       do 

H.6118 
H.5119 

H.6120 

No.  2  Beacon,  8. 30i*  E. 
San  Bruno  Lt.,  8.  ®*  W. 

No.  2.  Beacon,  S.  30*  E 

8hagRk.,N.32*W. 
8aS^runoLt..N.88*W. 

No.  2  Beacon,  8. 364*  £ 

San  Bnmo  lL  N.  68*  W. 
ShagBk.,N.4*W. 

MUaUHOkmofhav. 

AngelId.Lt,N.12*B 

AloatrasLt.,S.484*E. 
iamePtu!,8.6ft'W. 

■■■■" i 

.....do.... 

1 
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Tempefature. 


Salinity. 


Surf. 


Botnu 


Apparatus. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


Direction. 


Remarks. 


51 2S  52. 81 


54    54.8853.81 


54.555.53  54.11 


56    55.S3&5.aft 


57.555.8? 


54.86 


58 

S7 

SI.S 

S&5S6.03 


56.8355.01 


Sft.03J>5.06 


26.0?  55.91 


68.7? 
57.63 


56.56 

56.81 
56.96 


54.7354.71 

|55    54.83|54.86 

35. 53  J5. 56 
55.7355.86 


56.53 


56.76 


57.e8;57.71 


.S&  5  57. 63  57. 71 


I 


36.71 

25.  ao 

23.31 
22.20 

19.75 

19.06 
18.95 
17.06 
14.00 

12.46 
9.96 

26.58 

27.88 

27.26 
27.01 
27.17 
27.01 

26.87 


57.3357.06  i  26.87 


56.33^16 


26.56 


20. 8d 

27.48 
26.30 
23.64 

23.20 

22.05 
21.80 
17.22 
14.00 

14.20 
13.35 

27.80 

27.85 

27.79 
27.01 
27.01 
27.01 
27.01 
26.78 

27.T9 


Tnr.  cae.;  Ek. 
bot;4'inter.i 
#12,#20;Ek. 
smp.;Pr.m. 

do 


— do.. 
....do.. 


Tnr.  csei:  Ek. 
bot.;4'faitor. 
#12,  «aO;  Pr. 


....do.... 
....do.... 
— do.... 
....do.... 

— do — 
....do.... 


Tnr.  cae.:  Ek. 
bot.;4'inter 
#12,  #20;  Pr. 
m. 

....do 


...do. 
...do.. 
...do.. 
.  .do.. 
...do.. 
...do.. 


Tnr.  cse.;  Ek. 
bot.;4'inter.; 
#12,  #20;  Pr. 


surf, 
and 
botm. 

..do.... 


.do... 
.do... 


surf. 
and 
botm. 

..do.... 


..do-... 
...do.... 
..do... 

-.do... 
..do.... 


surf, 
and 
botm. 

..do.... 


..do.... 
.do. 
.do.... 
.do.... 
.do.... 
.do. 


surf, 
and 
botm. 


Mtn. 

13 


Aeainst 
tide. 


..do 

..do 

..do 

Against 
tide. 

..do 

...do 

..do 

...do 

...do 

...do 

Against 
Sde. 

...do 

...do.. 

..do.. 

..do.. 
...do... 
...do... 

..do... 

Against 


Mi. 


h% 


Ebb,  2.36  knots  per 
hr.  Cable  out  10 
fms. 

Ebb,  2.40  knots  per 

hr.     Cable  out  5 

fms. 
Ebb,  2.41  knots  per 

hr.    Cable  out  5) 

fins. 
Ebb,  2.14  knots  per 

hr.     Cable  out  7 


Flood,  2.05  knots  per 
hr.  Cable  out  11 
fms. 

Flood,  2.52  knots  per 

hr.     Cable  out  8 

fms. 
Flood,  2.47  knots  per 

hr.     Cable  out  7 

fms. 
Flood,  1.71  knots  per 

hr.    Cable  out  3^ 

fms. 
Flood,  1.64  knots  per 

hr.  (at  surf.),  1.37 

per  hr.  (at  botm.). 

Cable  out  4  fms. 
Flood,  1.10  knots  per 

hr.     Cable   out  7 

fhis. 
Flood,  0.88  knot  per 

hr.    Cable  out  10 

fms. 


Flood,  2.00  knots  per 
hr.  Cable  out  12  to 
14  fms. 

Flood,  1.50  knots  per 
hr.  Cable  out  8 
fms. 

Flood,  2.41  knots  per 

hr.     Cable  out  7 

fms. 
Flood,  1.64  knots  per 

hr.     Cable  out  5 

tins. 
Flood,  0.85  knot  per 

Ut.    Cable  out  3-2 

fms. 
Flood,  0.63  knot  per 

hr.    Cflble    out   3 

fms. 
Flood,  0.48  knot  per 

hr.    Cable    out    3 

fms. 
Do. 


Flood,  0.51  knot  per 
hr.  Cable  out  9 
fms. 
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station 
num- 
ber. 


Podttan. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


Character  of 
bottom. 


H.6121 

H.6122 
H.fil23 
H.6124 
H.6125 
H.6126 
H.6127 
D.5779 

D.  11780 
H.6128 


liiddU  teetion  of  bap— Cai. 


A]oatrazU.,S.26i!^W 

Btant  Pt.,  N.  64*W. 
Southampton  Lt.,  N.  12*'  E. 


Aloatraa  Lt.,  S.  !«•  W 

Rt  Tang.  Angel  Id.,  S.  47*  W. 

Soathampton  Lt.,  N.  70*  £.. 
Rt  Tang.  Red  Rk.,  N.  12*  W. 
Rt  Tang.  Angel  Id.,  S.  66*  W. 
Rt  Tang.  Red  Rk.,  N.  7«  W.  . 
Lft  Tang.  Bluff  Pt„  8. 39*  W. 
Southampton  Lt,S.6l*  E. 
Rt  Tang.  Red  Rk.,  N.  Si*  E . . 
Lft  Tang.  Bluff  Pt^  8.  «*  W. 
Southampton  Lt.S.  49*  E. 

BrotheraXt.,  N.  124*  E 

Rt  Tang.  Red  Rk.,  N.  52*  E. 
Southampton  Lt..  8. 46*  E. 

Brothers  Lt,  N.  284*  E 

Rt  Tang.  Red  RkTJ.  55*  E. 
Southampton  Lt.,  S.  35*  E. 
Alcatras  Lt,  51*,  1.83  miles. . 


Upper  Mc  ion  of  bay. 


Pt.  Pinole,  8.  43*  E 

Ifareld.  Lt.,N.66*E. 
Brothers  Lt,  8. 82)*  W. 

Mmu  tectum  of  bay. 


Alcatras  Lt,  8.  44*  E.... 
lime  Pt.  Lt.,  8. 64*  W. 
AngelId.Lt.,N.6*W. 


H.5129A 


BL5129B 


H.5129C 
HJ129D 


D.5781 
D.6782 


.do. 
.do. 


.do., 
.do.. 


.do., 


.do. 


.do... 
.do... 


.do. 


.do., 
.do. 


Southampton  Lt.,  321*,  2^ 


Southampton  Lt,  309)*,  2.7 

miles 
Berkeley  Pier,  61*.  0.88 mile. 
Berkeley  Pier,  283^,  0.43  mile 

Lower  $eeUon  of  bay. 

San  Bruno  U.,  N.  61*  W... 
Shag  Rk.,  N.  16*  W. 
No.  2  Beacon,  8. 47*  E. 
San  Bruno  Li,  N.  50*  W. . . . 
San  Mateo  Pt.,  8. 86*  W. 
No.2B«aooD,S.70*E. 


c.a. 

5532 


5532 
5532 


5532 
5532 


5532 

5532 

5532 

5582 
5582 

5532 

5532 

5532 
5532 

5532 

5532 

5532 

5532 

5532 

5532 
6532 

6531 
6581 


1912. 
May    6 


..do 

..do... 
..do... 

..do 

..do.. 

..do 

May    8 

May  13 
May  14 


..do.. 
..do.. 


..do.. 
..do.. 


..do... 
..do 


..do.... 
..do.... 


..do 

..do...., 
..do.... 
May  15 


...do.. 


..do.. 
..do.. 


May  27 
...do..... 


11.38  a.  m. 

12J0p.m. 
12  JO  p.  m. 

1.26  pm. 

lJSlp.m. 

2.15  p.m. 

2.44  p.  m. 

9.36  a.m. 

12.40  p.m. 

7.00  a.  m. 

7.55  a.  m. 

8.55  a.  m. 

9.55  a.  m. 
10.65  a.m. 

11.55  a.m. 

12.65  p.  m. 

1.55  p.m. 
2.55  p.  m. 

3.55  p.  m. 

4.55  p.  m. 

5.55  p.  m. 


12.27  p.  z 
3.00  p.  I 


FfM. 

2H 


17 

8 
14 

7i 

7* 

9 


15 

15 

15 
15 

15 

15 

15 
15 

15 

15 

15 

4i 


hrd.M. 


8.,M.. 
M 


..do.. 


hrd 

hid.  M. 
do.. 


gy.B.,R. 


gy.lC.,8h. 


M.,Sh. 
Sh 
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Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

i 

1 

1 

Sort 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Bemarks. 

•F. 
S6 

55 
SS 
tt 
60 
flO 
57 
S&5 

87 

S5 

SB 

61 

81 
57 

57 

SB 

S6 
89 

89 

89 

89 

•F. 
58.13 

SB.  88 

88.68 
57.13 
58.08 
57.08 
57.73 
54.00 

8X00 

52.63 

54.08 

53.83 

53.73 
53.  C8 

54.28 

54.73 

56.08 
80.03 

57.58 

87.58 

57.58 

•P. 
54.61 

54.16 
54.71 
55.41 
55.61 
55.71 
55.81 

28.99 

X.82 
19.70 
18.34 
21.00 
23.08 
20.66 

28.88 

28.88 
27.33 
27.21 
27.38 
26.55 

Tnr.  ose.:  Ek. 

bot.;4'taiter.; 

#12;#20;Pr. 

m. 
do 

do 

do 

do 

do 

do 

8' Tnr.;  19"  dr. 

3'  Tnr.;  19*  dr. 

Ek.   hot.;    4' 
inter.;    Tnr. 
•B.;#12,#30; 
Pr.  m. 

do 

do-v 

do 

do 

do... 

do 

.....do 

do 

do 

do 

do 

£k.8mp 

do 

surf, 
and 
botm. 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
botm... 

botm... 

surf, 
and 
botm. 

...do.... 

...do.... 

...do.... 
...do.... 

...do.... 

...do.... 

...do.... 
...do.... 

...do.... 

...do.... 

...do.... 

botm... 

17 

10 

14 

10 

8 

11 

14 

27 
20 

73 

10 

10 

10 

10 
10 

10 

10 

10 
10 

10 

10 

10 

...do. 

Mi. 

Flood,  0J6  knol  per 
hr.    Qible  out  20 
fms. 

Flood,  0.45  knot  per 

hr.    cable  out  13 

fnis. 
Flood,  0.13  knot  per 

hr.   Cable  out  41 

fms. 
Flood,  1.38  knots  per 

hr.    Cable  out  10 

fms. 
Flood.    1.51   knot? 

per&r.   Cable  out 

Flood,  1.58  knots  per 

hr.    r^blo    out    5 

fms. 
Flood,  1.19  knots  per 

hr.    Cable    out 

7-4-61  fms. 
Flood.    Operations 

conducted    from 

launch. 

Bbb.    Operations 
conducted    from 
launch. 

Flood,  1.33  knots  per 
hr. 

Flood,  2.63  knots  per 

Flood,  2.27  knots  per 

Flood,  2  knots  per  hr. 
Flood,  1J3  knots  per 

Flood,  a40  knot  per 

Ebb,  1.50  knoU  per 

Ebb',  2  knots  per  hr. 
Ebb,  2.23  knots  per 

Ebb,  1.55  knots  per 

Ebb,  1.01  knots  per 

Flood,  a66  knot  per 

hr. 
Ebb.    Operations 

conducted  from 

IWlQCh. 

Do. 

...do. 

...do. 

...do. 

...do. 

...do. 

82* 

8W 

Acainst 
fide. 

...do. 

...do. 

...do 

...do 

1.8 
4.2 

54.41 

53.06 

53.81 

53.81 
58.71 

54.66 

53.81 

53.86 
54.38 

54,1^ 

54.86 

56.21 

26.91 

28.  T9 

29.50 

30.28 
29.80 

39.65 

28.70 

27.33 
28.67 

25.93 

3146 

25.00 

20.50 

29.34 

80.11 

30.37 
80.50 

30.63 

28.47 
29.65 

38.88 

28.72 
38.56 

...do. 

...do. 

...do. 

...do. 

...do. 

...do 

...do 

...do.... 

.... 



do 

ao 

...do.... 

Do. 

...do.... 

Do. 

n 

09 

8L01 

19"  dr 

botm... 
...do.... 

47 
2 

2B0» 

OInto 

1.86 
.3 

Digiti 

Xbb^  Operations 
conducted  from 

Bbb.  Operations 
oonduoted    from 
launch.     Made  a 
drctoinoyiterbed 
and    finished    at 
ftartingpt. 

zedbyGoOQle 

do 
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station 
niun- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

D^pth. 

i 

Gharacierof 
bottom. 

D.5783 

Lower  section  o/te|r— Con. 

San  Ifoteo  Pt.,  S.  70*  W., 
2.07  miles. 

No.  2  Beacon,  8.  a6|*  W., 
O.OSmile. 

MiddUeecthnofhaf. 

BonitaPt 

C.8. 
5681 

6531 

1912. 
May  28 

...do 

13.36  p.m. 

3 

2 

11 

I).6784 

1 

June    3 

...do 

...do 

June  10 

...do 

June  14 
.do 

1 

............  .  .  .    1 

Halfway  between  Sausallto 

and  Angel  Id. 
Halfwaybetween  Angel  Id. 

and  Southampton  Lt. 
Halfway  between  Sausallto 

and  Angel  Id. 
Halfway  between  Angel  Id. 

and  Soutbampton  Lt. 
Halfway  between  SauaaUto 

andAngelld. 
Halfway  between  Angel  Id. 

and  Southampton  Lt. 
Halfway  between  SauaaUto 

andAngelld. 
Halfway  between  Angel  Id. 

and  Southampton  Lt. 
Halfway  between  SauaaUto 

andAngelld. 
Halfway  between  Angel  Id. 

and  Southampton  Lt. 
Halfwav  betwe^  SauaaUto 

andAngelld. 
do 

1.30  p.m. 

i 

2.30  p.m. 

( 

1.20  p.m. 

1 

3.35  p.m. 

f 

9.45  a.m. 
10.45  a.  m. 
2.00  p.  m. 

June  17 
.do.  ... 

8.00  p.  m. 

June  24 

...do 

June  27 

June  20 
July    6 

.  .do 

2.00  p.m. 
3.00  p.m. 

2.00  p.m. 

2.00  p.m. 
10.00  a.m. 

11.30  a.m. 

! 

1 

Halfway  between  Angel  Id. 

Halfway  between  SausaUto 

and  Angel  Island. 
Off  Golden  Gate 

July    8 

July  14 
.do 

28 
30 

8 

Halfway  between  SausaUto 

andAngelld. 
Halfwaybetween  Angel  Id. 

and  Southampton  Lt. 
Off  Golden  Gate. 

'  9.45  p.  m. 
10.25  p.m. 

28 
30 

13 
25 
19 

8 

7* 
8 

8 

July  21 
July  22 

...do 

...do 

...do 

...do 

...do 

...do 

...do..... 

H.5130 

LlmePt.Lt.,S.68*W 

AlcatrasLt.,S.64*E. 
AngelId.Lt.,N.16i»E. 
Southampton  Lt.,  N.  14*  E.. 
Alcatra«Lt..S.24*W. 
Blunt  Pt.,N.  49- W. 
Southampton  Lt.,  N.  11*  E.. 
Rt  Tang.  Angel  Id..N.  63*  W. 
Lft.  Tang.  Angel  Id.,  S.  64|« 

Rt.  fang.  Angel  Id..  8. 82-  W. 
Rt  Tang.  Red  Rk.,N.  14*  W. 
Southampton  Lt.,N.51*E. 
Rt.  Tang.  Red  Rk.,  N.  4*  W. 
Lft.  Tang.  Bluff  Pt..  S.  66*  W. 
Southampton  Lt.  ,S.  75*  E. 
Rt.  Tang.  Red  Rk., N.  2*  E.. 
Southampton  Lt..  S.  49i*  E. 
Lft.  Tang.  BhiffPt.,  8.18)' 

Rt.  fang.  Red  Rk.,  N.  60*  E. 
Soathampton  Lt.,  S.  47*  £. 
Brother8lt.,N.14*E. 
Rt.Tang.RedRk»S.6H*E. 
BrothflraLt.,N.9tf*E. 
Southampton  Lt.,  8. 36*  E. 

5532 
5532 
5633 

6532 
6632 

5532 

6533 
6683 

9.29  a.m. 
10.04  a.  m. 
10.49  a.m. 

11.30  a.m. 

11.49  a.m. 

1.01p.m. 

lJ»p.m. 
3X12  p.  m. 

H.5131 
H.5132 

H.M33 
H.5134 

do 

do 

do 

8 

H.5135 

M 

H.5186 
H.6137 

do 

hid.B 
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Tempentore. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

m  W^^^i'^^^MW^. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

GH     ffinODl 

MWi 

1 

19"  dr 

botm... 
...do.... 

JAn. 

31 

8.64«E... 
N.  50-E.. 

Mi. 
2.35 

2.5 

Ebb.    Operations 
conducted    from 
launch. 
Do. 

do 

On    niles    between 

4'  inter.;  #12, 

#20. 
do 

do 

surf — 
...do.... 
...do.... 
...do.... 
...do.... 

30 
30 
20 
30 
20 

Against 

tide. 
...do 

high  and  low  tides. 

1 

...do 

do 

do 

...do 

...do 



do 

do 

do 

...do.... 
...do.... 
...do.... 

20 
20 
20 

...do 

...do 

.... 

...do 

.... 

do 

do 

do 

do 

do 

...do.... 

...do.... 

...do.... 

...do.... 
...do.... 

...do.... 

botm... 

surf.... 
...do.... 
botm... 

surf, 
and 
boLm. 

...do.... 

20 

20 

20 

20 
20 

20 

05 

20 
25 
90 

15 

14 

...do 

...do 

...do 

...do 

...do 

do 

seine 

...do 

6.0 

Trip  made  with  Pal- 
adlnl  Fish  Co.;  4 
hauls. 

4'  inter.;  #12, 

#w. 
do 

mine 

Against 

tide. 
...do 

.... 

6.0 

Trip  made  with  Pal- 

adlni  Fish  Ca;  3 

hauls. 
Ebb.    After  getting 

under  way  net  was 

towed  5  min. 
Ebb.    Cable  out  10 

fms.,  towed  5  min. 

S7 
57 

57.73 
00.73 

57.71 
57.86 

31.05 
2B.47 

31.36 
31.10 

Tnr.   ose.;   4' 

WEk.£t! 
do 

Against 
...do 

SB 

60.23 

6S.11 

30.11 

31.05 

do 

...do.... 

11 

...do 

Ebb.  Cable  out  20 
Cms.,  towed  5  min. 
at  10  fins. 

SB 

62.73 

£8.56 

27.54 

3a  B8 

do 

...do.... 

12i 

...do 

Ebb.  Cable  out  15 
fms.,  towed  4  min. 

86 

64.63 

58.56 

24. 3B 

30.ti 

do 

...do.... 

18 

...do 

Ebb.    Cable  out  16 

68 

64.73 

60.36 

28.07 

28.88 

do 

...do.... 

16 

...do 

Ebb.  Cable  out  5-10 
fms.,  towed  6  min. 

87.5 

64.13 

60.86 

27.21 

28.79 

do 

...do.... 

17 

...do 

Ebb.    Towed  2  min. 

aB 

63.73 

60L86 

26w4B 

28.56 

do 

...do.... 

18§ 

...do 

Ebb.  Towed  8J  min. 
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station 
num- 
ber. 


Position. 


Chart. 


Date. 


Time  of 
day. 


Deptii. 


Character  of 
bottom. 


Lower  udUm  0/  tof. 


H.6138 
B.6139 

H.5140 

H.5141 
H.6142 
H.5143 
H.5144 
H.6146 

H.614e 

H.«M7 
H.n48 
H.5140 


B.SlfiO 
H.5U1 
H.5152 
H.5153 
H.61fi4 
H.M65 
H.51M 


Ooat  Id.  Lt.,  N.  23*  E 

FaTyBldg..N.81*W. 
Rt.  Tu^.  lOsslan  Rk.,  N. 

GoSld.Lt.,N.17»W 

Ferry  Bldg..N.  56*  W. 
Rt.  Tang.  JOssion  Rk.,  N. 
88»W. 


Ck)atId.Lt.,N.WW.... 
ShagRk., S. 63r  W. 
San  Bnmo  Lt.,T5.  !?•  W. 


8ha£Rk.,N.62*W 

Omdlestick  Ft.,  N.  72*  W. 
San  Bruno  Lt.,S.  22*  W. 

8hagRk.,N.36»W 

SanBruno  Lt..  S.  3M*  W. 
No.2Beaoan,S.28*£. 
San  Bruno  Lt..  8. 66*  W.... 
No.  2  Beacon,  S.  32*  E. 
ShagRk.,l*.3U*W. 

San  Bruno  Lt.,  W 

No.  2  Beaoan,  8. 31*  E. 
Pt.Avl8adtfo,N.19*W. 
San  Bnmo  Lt..  N.  71*  W... 
No.  2  Beaoon,  B.  33*  E. 
SanlfateoPi.,S.10*W. 

Upper  Hctioni^ha^, 


Brothers  Lt^  8. 2*  W. 

Lft.Tang.r 

PJnolePt., 

do., 

....do. 
....do., 


K.sisSr8,N.36**'w. 

t.,N.58'E. 


Brothers  Lt^  8. 27*  W 

Pinole  Pt.,S.  73*  E. 

Rt.  Tang.  Sisters,  8.  40*  W. 

MareId.Lt»N.64*E 

Lone  Tree  Whf.,  8. 3»i*  E. 
Pinole  Ft.,  8.  fiO*  W. 

OarqulneELt.,N.4£*W 

Lfk  1^.  Crockett  Whf., 

Rt.'  Tang!  Selby  Whf.,  8. 
60J*W. 

Rt.  Tang.  Red  Rk..N.  62*  E. 
Brotiier8Lt..N.l3|*E. 
Lft.  Tang.  8btera,  N.  2*  E. 
Rt  Tang.  Red  Rk.,N.65*E.. 
BrotiiersLt.,N.l5i*E. 
Southampton  Lt.,  8. 46*  E. 
Rt  Tang.  Red  Rk.,  N.  94*  E. . 
Southampton  Lt^S.  52^  E. 
BhiffPt,8.8J*i(r. 

BhifrPt'8.2*W 

Southampton  Lt.,  8. 60*  E. 
Rt  Tang.  Red  Rk.,  N.  0*  W. 
Southampton  Lt. N.  76*  W. 
Rt  Tang.  Angel  Id..  8. 68*W. 
Rt  Tang.  RedRk..  N.  16|*W. 
SouthamptonLt.,  N.  12|*  E . . 
Rt  Tang.  Angel  Id.,  N.  72*  W. 
Lft  Tang.  Angel  Id.,  8. 40*  W. 
SouthamptaXt.,  N.  8*  £ . . . 
A]QatiatLt.8.28*W. 
BlmitPt,N.»*W. 


C.S. 
6631 


6531 

6531 

5581 
5631 
6531 
6531 
5631 

6633 


5533 
5533 
5533 

5533 


5633 


5532 
5532 
5532 
5632 
5632 
6532 


1012. 
July  2S 


...do.... 

...do...., 

...do 

...do..... 

...do 

...do...., 
...do 

July  24 

...do.... 

...do 

...do 

...do.... 
...do.... 
..do 


Jidy  20 

...do 

..do... 
...do... 
...do... 
...do... 
...do... 


10j08a.m. 
10.36  a.m. 

11.15  a.m. 

11.64  a.m. 
1.02  p.m. 
1.20  p.m. 
1.57  p.m. 
2.28  p.m. 

10.06  a.  qi. 

11.01  a.  m. 
11.40  a.m. 
12.51p.m. 

1.30  p.m. 
2.44  p.m. 
3.32  p.m. 


OJ06a.m. 

0.28  a.m. 

0.52  a.m. 
10.16  a.  m. 
10.80  a.  m. 
11.02  a.  m. 
lL22a.m. 


FflM. 

12 


12 


6f 

6 
6 

14 


...do i 

...do 

do 

do 

8ft.M 

do 

K 


6* 
6 
13 


71 


I 
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Teinpentiire. 

Sttlinity. 

Apparatus. 

Trial. 

Drift. 

i 

Remarks. 

i 

1 

1 

8urf. 

Botm. 

Depth. 

Dora- 
tian. 

Dlreotian. 

1 

n 

•F. 
50.11 

2114 

3137 

Tra.  OM.;  4' 

lurf. 
and 
botm. 

16 

^85i-" 

Mi. 

Ebb.     Cable  oat  9 
Cms.,  towed  5  min. 

n 

us 

L 

12.73 
13.23 
S4.73 

oase 

02.21 
(B.86 

2147 
2126 
27.96 

2134 
28.74 
28.23 

do 

do 

do 

...do.... 
...do.... 
...do.... 

18 
18 
19 

...do 

...do 

...do 

llbb.     Cable  oat  0 

Nets  fllled  with 
sand.  Haol  dis- 
carded. 

Ebb.  Cable  out  6-8- 
10  fms.,  because  of 
smaUebb:  after  get- 
ting under  way 
towedftmin. 

Ebb.  Cable  out  4-10 
f ma.,  towed  5  min. 

« 

6fi.O 

63.71 

27.68 

27.98 

do 

...do.... 

17* 

...do. 



Ebb.      Cable  out  3 
fms.,  towed  6  m. 

«3.S 

6S.S 

84.86 

27.70 

27.39 

do 

...do.... 

20 

...do. 

Ebb.      Cable  out  8 

1 

fms.,  towed  4  m. 

U 

e5.a3 

64.86 

27.74 

27.68 

do 

...do.... 

20 

...do 

Ebb.      Cable  oat  3 
ftns.,  towed  5  m. 

M 

B&.n 

6S.M 

27.40 

27.46 

j 

do... 

...do.... 

18 

...do 

Ehb.     Cable  oat  3| 
fins.,  towed  5  m. 

G6 

0.23 

61  OB 
BwOB 
SL23 

CI.  36 
62.86 

25.18 

2S.77 
26.60 
26w60 

2S.30 

2133 

2162 
2179 
2179 

2123 

Trn.  ose.;   4' 
inters   «12, 
PO;  £k.lMt. 

do 

do 

do 

do 

surf, 
and 
botm. 

...do.... 

...do.... 

...do.... 

...do.... 

Flood. 

AS 
•.S 

«L5 

"is"' 

16 

...do. 

Do. 
Slack. 
Ebb.     Cabto  oat  IC 

fms.,  towed  6  m. 
Ebb.   Cable  out  3-10 

fins.,  towed  4  m. 

9 

67.23 

66.06 

1160 

22.07 

do 

...do.... 

18 

...do 



Ebb.    Cable  out  4-16 
fins.,  towed  5  m. 

9 

66.73 

6101 

U.16 

IS.  63 

do 

...do.... 

10 

...do 

Ebb.     Cabto  oat  10 
fins.,  towed  6  m. 

S7 

M.S3 

83.73 

62.86 
62.91 

22.82 
26.77 

2149 
2164 

Tm.  OM.;   4' 
do 

snrf. 

and 

botm. 

...do.... 

Ui 

Against 
...do 

nood.    Cable  oat  0 
fms. 

Do. 

67 

82.73 

62.86 

2139 

2130 

do 

...do.... 

...do 

Flood.    Cable  oot  6 

fms. 

17 

8L71 

80111 

27.66 

2143 

*» 

...do.... 

...do 

Do. 

B.! 

B2.a 

80116 

27.80 

2186 

.....do 

...do.... 

...do 

Flood.    Cable  oat  6 
fins. 

il 

Ml« 

BLU 

2196 

3160 

do 

...do.... 

...do 

Fkxxi.    Cable  oot  12 
fms. 

68 

58.2 

B8L0I 

3196 

3196 

do 

...do.... 

lU 

...do 



Flood.  CableootU- 
15  fins. 
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DrBDOINO  and  HTDROOBAPHIC  RbCOBDS  SBCURBD   in   SAff 


StaUon 
num- 
ber. 

Podtton. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

1 

Caiaracterof 
bottom. 

• 
H.6157 

Middle  iecHoncfbaf-Ctm. 

Ak5at»iLt..S.46*E 

AngelId.Lt.,N.8*E. 
LimePt.Lt.,8.55*W. 

Lower  Mrtion  o/ft^. 

San  Bruno  Lt.,N.  65*  W ... . 
No.  2  Beacon,  8. 86*  E. 
San  Mateo  Pt.,  8. 154*  W. 
San  Bruno  Lt..N.  86*  W.... 
No.  2  Beaoon,  8. 32*  E. 
Pt.Avlsadero,N.23*W. 
San  Bruno  Lt..  8.604*  W.... 
No.  2  Beacon,  8. 30*  E. 
8hagRk.,N.33*W. 
8hagRk.!N.35*W 

C.B, 
5682 

5681 

6631 

5681 

6631 
5531 

6631 

6631 

6681 

6683 

5533 
5533 

5533 
5533 
5533 
5533 

1912. 
July  29 

July  80 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Inly  31 

...do..... 

...do 

...do 

...do 

...do 

...do 

Aug.    1 
do 

12.01p.m. 

8.63  a.m. 

9.90  a.m. 

9.43  a.m. 

10.06  a.m. 
ia38a.m. 

11.10  a.m. 

11.46  a.m. 

12.96  p.  m. 

llJ«a.m. 

12.19  p.m. 
12.67  p.m. 

1.30  p.m. 

2.21p.m. 

2.48  p.m. 

3.21p.m. 

Fvu. 
13 

6 
5 

5 
6* 

8 
10 

7 
6 
5 
7 

Of 
13 

hfd.B 

H.6168 

sftK... 

H.5160 
H.5160 

do 

M 

H.6161 

do 

hrd-K 

H.6162 

San  Bruno  Lt..  8. 43*  W. 
8hagRk.,N.  4V*W 

H.5163 

Sim  Bruno  Lt.,  8. 18*  W. 
Candlestick  Pt.,N.  72*  W. 

QoatId.Lt.,N.21*W 

8hag_Rk.,8.60*W. 
8m^runoLt.,S.19*W. 

QoatId.Lt.,jf.l»*W 

Ferry  Bldg»N.  60*  W. 
Rt.  TangTftlasion  Rk.,  N. 

83*W7 

GoatId.Lt.,N.27*W 

Ferry  Bldg..N.  67*  W. 
Rt.  TfrngTiOasion  Rk.,  8. 

28i*Er 

Pppff  eeetion  of  bay, 

Carquines  Lt.,N.  34*  W 

Lft.Tang.  Crockett  Whf.,  8. 

79*  E. 
Rt.  Tang.  Selby  Whf.,  8. 66* 

Mr . 

Mare  Id.  Lt.,  N.  634*  W 

Carquines  Lt.,N.«*E. 
Lone  Tree  Whf.,  8. 354*  W. 

Mareld.Lt.,N.GO*E. 

LoneTree  Whf..S.40i*£. 
Pinole  Pt.,  8. 63^  W. 
Ixme  Tree  Whf.,  8. 83J*  E. . . 
Pinole  Pt.,  8. 354*  W. 
Msreld.  Lt.,N.67*E. 

Brothers  Lt.,  8. 30*  W 

Rt.  Tang.  Sisters,  8. 53*  W. 
Pinole  Pt.,  8.  73*  E. 

Pinole  Pt.N.  744*  E 

Brothers  Lt.,  8. 2S*W. 
Rt.  Tang.  Sisters,  8. 63*  W. 
Rt.  Tang.  Marin  Ids.,  8. 054* 

Lft.  Tang.  Sisters,  N.  41i*  E. 
Brothers  Lt.,  8. 

MIddUteeHoncfbay, 
BonitaPt 

M 

H.6164 
H.6165 

do. 

..  do. 

H.5166 

gy.B 

H.5167 

M 

H.6168 
H.5160 
H.6170 
H.5171 
H.5172 

■■" 1 

do 

do 

do 

do 

Presidio  shore  (west  of  Fort 

Pt.), 
Key  Route  Pier  (mud  flats 

north  oO. 
Key   Route   Pier  (cement 

sewer). 
RedRk 

Aug.    2 
do 

*S5-  ' 

1 
I 

Richmond    (Standard    Oil 

Pier). 
Halfway  between  Angel  Id. 

and  Soathampton  Lt. 

do 

300  yds.  8E.  Ft.  Biahkt 

I 

Aug.  21 
...do 

9.10  a.m. 

10.10  a.m. 
2.00  p.m. 
9.30  a.m. 

■ 

J 

Between  Angel  Id.  and  Sau- 

MUtO. 

....1 

1 
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Temperature. 

Salinity. 

Apptfatus. 

TriaL 

Drift. 

< 

i 

1 

Barf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

58   ', 

1 

18.63 

W.71 

31.70 

8L90 

Tm.  cse.;    4' 
#20;  ik.  bot. 

sorf . 
and 
botm. 

3iin. 
12J 

Against 
tide. 

Mi. 

Flood.    Gable  out  11 
fms. 

82 

n.83 
16.63 
5S.73 

00.86 
06w76 
65.81 

27.85 
27.91 
27.94 

27.87 
27.82 
27.87 

Tm.  cse.;   4' 

do 

do 

snrf. 
and 
botm. 

...do.... 

...do.... 

12 
12 
9 

Against 
)ide. 

...do 

...do 

Flood.    Cable  out  4 
fms. 

Flood.    Cable  out  4) 
fms. 

Flood.    Cable  out  3* 
tms. 

1 

M.Q3 

63.91 

28.33 

28.33 

do 

...do.... 

8i 

...do 

Do. 

p.5 

63.83 

82.71 

38.40 

28.79 

do 

...do.... 

10 

...do 

Flood.    Cable  out  4 
teas. 

r 

S.S3 

83.31 

2&51 

28.64 

do 

...do.... 

lOi 

...do. 

Flood.    Cable  out  t 
fms. 

t 
1 

6L73 

8L56 

29.10 

29.18 

do 

...do.... 

8 

...do 

Flood.    Cable  out  S 
fms. 

^.5 

80.63 

5a  81 

30.11 

30.83 

do 

...do.... 

11 

...do 

Flood.    Cable  out  10 
fms. 

66 

1 
1 
1 

is 

1 
1 

6&03 

65.23 
65.53 

65.71 

65.36 
65.56 

9.96 

11.35 
16.68 

12.89 

16.11 
16.94 

Tm.   cse.;    4' 

do 

do 

surf, 
and 
botm. 

...do.... 
...do.... 

m 

14 
10 

Against 
.   tide. 

...do 

...do 

Flood.     Cable    out 
8-11  Ims.,  towed  9i 
min.   under  way. 
Surf.  10  min.  later 

not  trip. 
Flood.  Cable  out  11 

fms.,  towed  3  min. 

under  wav. 
Flood.    Cable  out  4 

fins. 

'« 

66.03 

64.86 

21.91 

22.05 

.....do 

...do.... 

10 

...do 

Flood.    Cable  out  6 
fins. 

64.2 

63.73 

62.91 

34.86 

26.94 

do 

...do.... 

11 

...do 

Flood.    Cable  out  5 
fms. 

64 

62.93 

62.41 

26.47 

27.01 

do 

...do.... 

11* 

...do 



Do. 

«4 

1 

62.73 

60.56 

28.25 

29.23 

do 

...do.... 

10* 

...do 

Do. 

On    piles    between 

higb  and  low  tides. 

On   beadi  between 

high  and  low  tides. 
Between  hi^   and 
low  tides. 
Do 

■ 

..... 

Do. 

Do. 

4' tater.;  #12, 

do 

' do 

do 

surf.... 

...do.... 
...do.... 
...do.... 

30 

30 
30 
25 

Against 

Qdei 

...do 

...do 

do 

1 

■ 

1 

1     

1 
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U.  S.  BUREAU  OF  FISHERIES. 

Drbdginq  and  Htdrookaphig  Rbcobds  Skcurbd  ih  Sajh 


Stotion 
num- 
ber. 


Podtion. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


Charactfcof 
bottom. 


n.6173 


H.5174 
H.5175 
H.5176 
H.5177 
H.5178 
H.6179 


H.5180 


H.6181 

H.6182 
H.5183 
H.5184 
H.6185 
H.61W 


MUiU  McOon  (^6ef— Coil 
Off  Golden  Gate 


Between  Angel  Id.  and  Saa- 

sallto. 
Oil  Golden  Gate 


Between  Angpl  Id.  and  Sao- 
nallto. 

....do 

Ofi  Golden  Gate 


Upper  •eeftofi  t^bay. 


BtDthrnLt.,8.  !•£ 

Lft.  Tang.  Mjirin  Ids.,  N.  48* 

W. 
Lft.  Tang.  Ststen,  S.  50}*  W. 
do , 


.do. 


Brothen  Lt.,S.  241*  W 

Pinole  l*t.,N.  74MB. 

Rt.  Tang.  BJstttB,  8. 64*  W. 

Brothen  Lt.,  8.  S3*  W 

Rt.  Tang.  Bisters,  8. 66}*  W. 
PinolePt.,8.76**K. 
Lone  Tree  Pt..  8.  ffl**  K.... 


Pinole  Pt.,  8.  Mi*  W. 
MareId.LWN.66*£. 
Txme  Tree  wh/.,  8. 45*  E. . . . 
Pinole  Pt.,  8. 62*  W. 
ManId.Lt.,N.62*E. 

llareM.Lt.;N.40*W 

Carqnines  Li.,  N.  501*  E. 
Cro3rettWW.,B.7rE. 
Carquinei  Lt.,  N.  2M*  W.. . . 
Lft.Tang.  CnRtottWhf.,  8. 

80|*Er 
RtTl'ang.  Selby  Whf.,  8. 69* 

\V. 

Lower  §eetkm  ofbt^. 


Ferry  Bldg.,N.  77*  W 

GoatId.Lt.,N.ll*E. 
Rt.  Tang.  MUsian  Rk.,  C. 
88*  W. 


.do. 


GoatId.Lt.,N.15*W 

Ferry  Bldg.,  N.  64*  W. 
Rt.  Tang.  Mission  Rk.,  N. 
80*  W. 

GoatId.Lt.,N.22*W 

ShagRk.,S.03*W. 
SanBrono  U..  S.  21}*  W. 

8hagRk.,N.65*W 

S«uaBrunoLt.,8.17*W. 
Candlestick  Pt. ,  N.  78*  W. 

Shag  Rk.,N.  404*  W 

8an  Bruno  Lt.,  8. 40}*  W. 
No.2Beaoon,8.28*E. 
San  Bruno  Lt.,  S.  67*  W.... 
No.  2  Beacon,  8. 20*  E. 
ShagRk.,N.35*W. 

No.  2  Beacon,  8. 32*  B 

San  Bruno  Lt..N.  88*  W. 
Sha«Rk.,N.»|*W. 


as. 


6533 

6533 

5533 

6533 


5533 
6533 
6533 
6533 

6531 

6531 
6531 

6531 
6531 
6531 
6531 
6631 


1012. 
Sept.   0 

Sept.  12 
Sept.  17 

Sept.  19 

Sept.  25 
Oct.     2 


Oct.     7 

..do..... 
..do..... 

..do 

..do 

..do 

..do 

..do 

...do 


Oct.    8 

...do..... 
...do. 

...do.... 
...do.... 
...do.... 
...do.... 
...do..... 


1.30  p.  z 


IJlOp.m. 
8.45  a.m. 


10.15  a.  m. 

11.15  a.  m. 
12.30  p.  jn. 

1.15  p.  m. 
1.35  p.  m. 
2.23  p.m. 
3.07  p.m. 
3.53  p.m. 

4.16  p.  m. 


0.66  a.  m. 

11.15  a.m. 
12.01p.m. 

12.46  p.m. 
1.10  p.m. 
1.52  p.  m. 
2.18  p.  m. 
2.42  p.m. 


Fm». 
28 
30 


28 
30 


ao 

12! 


M. 


6} 
7 
5 
6 
»i 
11 


13 


M 

.....do. 

do. 

.....do. 
.....do. 


11      M 


8i   do.... 

7     do 


do. 

do..... 

do..... 
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Tempentore. 

Salinity. 

Apparatus. 

Trial. 

Drift, 

, 

i 

i 

Snrf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

•< 

m 

^ 

•7. 

•F. 

*F, 

aeino         

botm... 
surf.... 

snrf.... 

...do.... 
botm. . . 

surf, 
and 

bOtUL 

...do.... 

00 

20 
00 

20 

20 
00 

Mi. 

6.0 

6.0 

3  hauls.    Trip  made 
with  Pala^  Fish 
Co. 

4'  Inter.;  #12, 

JS-      

Against 
tide. 

Do. 

4'  toter.;  #12, 

...%> 

aefaie         

Against 

flde. 
...do 

6.0 





Da 

86 

M.07 
61.88 

».9S 
50.68 

Tnr.   cse.;    4' 

|a>;£k.bot.; 
«".  m. 
do 

Against 
...do 

Flood,  1.78  knots  per 

27.10 

83.45 

hr.  ' 

0 

Flood,  0.72  knot  per 

hr. 
Ebb,  0.50  knot  jper 

hr.  Cable  out  8-10 

fins. 
Ebb,  1.26  knots  per 

hr.   Cable  out  4-8 

fins. 
Bbb,  L59  knots  per 

hr.     Cable  out  5 

fins. 
Ebb,  2.03  knots  per 

hr.    #30  came  up 

Ebb,  2.^'  knots  per 
hr. 

M 

67 

65.5 

65 

CI.  88 
60.68 
61.96 
62.48 
62.38 

60.68 
50.83 
60.88 
61.63 
61.78 

30.20 
27.16 
26.28 
21.24 
20.51 

31.00 
80.01 
28.40 
26.00 
23.32 

do 

do 

do 

do 

do 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

11 
14 
12 

10 

11 

...do 

...do 

...do 

...do 

...do 

... 

66.5 

B 

62.78 
62.78 

62.53 
61.78 

18.02 
20.78 

1&34 
21.21 

do 

do 

...do.... 
...do.... 

12 

...do 

...do 

Ebb,  1.79  knots  per 
hr.  Cable  oafO 
fims. 

Bbb,  2.63  knots  per 
hr. 

,565 

57.48 

67.13 

57.38 
57.68 

50.78 

82.07 

32.21 
31.80 

31.36 

33.53 

33.60 
3X45 

31.66 

Tnr.    cse.;   4' 
inter.;    #12, 
#20;Ek.l!bt.; 
Pr.  UL 

surf, 
and 
botm. 

Flood,  1.50  knots  per 

|60 

13 
12 

12 

Against 

tide. 
...do 

...do 

hour.  Rubber 

water  sample  not 

purely  hot.  water. 
Ebb,  0.41  knot  per 

hr. 
Bbb,  1.18  knoto  per 

hr. 

Ebb,  1.45  knots  per 
hr. 

M.550.88 

1 
S7.55B.88 

Tnr.    cse.;   4' 
lnter„     #12, 
jQO;Ek.bot.; 
Pr.m. 

do 

• 
surf, 
and 
botm. 

...do.... 

»    61.« 

6a  83 

31.27 

31.36 

do 

...do.... 

12 

...do 

Ebb,  1.92  knots  per 
hr. 

6& 

(63.0B 

63.03 

31.29 

31.27 

do 

...do.... 

12 

...do 

Ebb,  1.88  knots  per 
hr. 

&B 

63.3! 

62Ln 

31.60 

81.36 

do 

...do.... 

12 

...do 

Ebb,  1.89  knots  per 
hr. 

67 

62. 8C 

62L73 

31.27 

31.33 

do 

...do.... 

11* 

...do 

Ebb,  1.88  knots  per 
hr. 
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Drbdoing  and  Htdroobafhic  Rbcobdb  Sbcusbd  in  San 


station 
num- 
ber. 


PodtUm. 


Date. 


Time  of 
day. 


Depth. 


Character  of 


H.6187 


H.618S 


H.618B 
H.M90 

H.5103 
H.6183 
H.6104 
H.51d5 

H.5190 

H.51(Kr 

H.5198 
H.5190 
H.5200 
H.5201 
H.6202 


Lower  ueUon  of  bof— Con. 


No.2Beaoon.S.33"E 

San  Bruno  Lt.,  N.  86*  W. 
SanlfateoPt.,8.19*W. 


MUdletectkmofbaf, 

AngelW.Lt.,N.7*E.., 
Alcatraz  Lt.,  S.  43"  B. 
LimePt.Lt..S.64*W. 

do 


.do.. 


Southampton  Lt..  N.  7*  B... 
AlcatrasLt..S.33*W. 
Blunt  Pt.,N.  08*  W. 
Southampton  Lt,  N.  15^*  E. . 
Rt.  Tang.  Angel  Id.,  N.  50* 

Lft.  Tang.  Angel  Id.,  S.  45* 

Southampton  Lt.,  N.  65*  E . 
Rt  Tang.  Angel  Id.,  a  73*  W. 
Lft.  Tang.  Angel  Id..  S.  7i* 

BlttflPt.,S.64*W 


Southampton  Lt.,  8. 70i*  E. 
Rt  Tang.  Red  Rk.,  N.  7*  W . 
Southampton  Lt^  8. 71*  E  . 
Bluff  Pt.,S.  12*  E. 
Lft  Tang.  Red  Rk., N.  2*  B. 

BluffPt.,S.  16*E.. 

Lft  Tang.  Red  Rk.,  N.  42*  E. 
Southampton  Lt.,  S.50|*  B. 

Brothers  Lt,  N.  13*  B 

Lft  Tang.  Red  Rk.,  a  72*  E. 
Southampton  Lt.,  S.  34*  B. 

Upper  eecUon  of  tay. 


Carquines  Lt.,  N.  33*  W 

I/t.Tang.  Crockett  Whf.,  S. 

75J*  E. 
Rt.  Tang.  Selby  Whf.,  S. 

67*  W. 
do 


MareId.Lt.,N.56i*W 

Carquines  Lt.,N.  31*  E. 
Tang.    Crockett    Whf.,    S. 

67  J*  E. 

Lone  Tree  Whf.,  a  43*  E 

MareId.Lt.,N.57*E. 
Pinole  Pt.,  8. 54*  W. 
Lone  Tree  Whf . ,  8. 83*  E . . . . 
Pinole  Pt.,  8.37*  W. 
]CareId.Lt.,N.65rB. 

Brothers  Lt.,S.  30*  W 

Rt  Tang.  Sisters,  S.  52*  W. 
PlnolePt,S.68i*E. 

Brothers  Lt.,sT29*W 

Rt  Tang.  Sisters,  a  05*  W. 
PinolePt.,N.7^*E. 

Brothers  Lt,  8. 4*  W 

Lft  Tang.  Sisters.  N.  44^*  W. 
Ltt.  Tang.  ICarfn  Ids.,  8. 

60*  W. 


a  5. 
5631 


6633 

6682 
6682 

6532 
5532 

6682 

5532 
6632 
5532 
5632 

6633 

5533 
5633 

6633 
5533 
5533 


1012. 
Get     8 


Oct.     9 

..do.... 
..do.... 

..do.... 
..do.... 

...do.... 

...do.... 
...do.... 
...do.... 
..do.... 

Oct  10 

...do..... 
...do..... 

...do...., 
.do.... 
...do.... 
...do.... 
...do 


8.15  p.m. 


10.19  a.m. 

11.04  a.m. 
12.31p.m. 

1.13  p.m. 
,  1.46  p.m. 

2.14  p.m. 

2.41  p.  m. 
3.05  p.  m. 
3.47  p.  m. 
4.10  p.  m. 

8JMa.m. 


0.22  a.m. 
9JK>a.  m. 

10.31  a.  m. 
11.08  a.m. 
11.50  a.m. 
12.20  p.m. 
12.53  p.  m. 


12 

12 
12 

l«i 
15 

7J 

0 

10 

7 

7 

10 


hrd.8.. 


hrd.8. 


m.S. .. 
.....do. 


.do. 


M 

....do.. 
....do.. 


..do.. 


7 
5 

7 

6i 
12 


....do.., 

do... 

do... 

do.., 

hid.lC., 
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Temperatare. 


Salinity. 


Surf. 


Botm. 


Apparatus. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


Direction. 


Remarks. 


F. 
St 


63:68  6L  88 


56.3866.03 

56.7855.38 
56.7854.93 

S6. 48  55. 83 
57.8866.08 


57. 88160.98 

r.08 
58.88|57.78 
Oa  18  60. 53 


0B.5  00118  50.83 


61..38  00.98 


171 

70 
TO 


68    60.3860.83 


61.1861.03 
61.0660.83 


61. 
60.  f 


0860.83 


8860.83 


89.0850.33 


59.9858.53 


31.44 


31.38 

33.23 
33.23 

32.67 
82.80 

32.83 

32.38 
31.90 
30.34 
30.11 

14.84 

14.03 
15.85 

90.56 
34.77 
28.26 
20.18 
29.43 


31.36 


32.92 

33.22 
33.27 

33.18 
32.60 

32.60 

32.67 
32.27 
30.43 


Tnr.    cse.;    4' 
inter^     m, 

f!0;Ek.bot.; 
r.  m. 


Tnr.  ose.;  4' 
inter^  #12, 
#20;  i:k.bot.; 
Pr.  m. 

....do 


sarf. 
and 
botm. 


surf, 
and 
botm. 


Hfn. 
12 


Against 
tide. 


Mi, 


....do.... 

do.... 

....do.... 
t 
do.... 

....do.... 
....do.... 
....do.... 
....do.... 


.do. 
>.do.... 

..do..., 
..do..., 

...do.... 

..do.... 

..do.... 

..do... 

..do... 


18.51 

17.08 
19.66 

21.78 
25.16 
28.95 
30.11 
31.05 


Tnr.  cse.;  «' 
Intery  #12, 
^;  Ek.bot.; 
Pr.  m. 

....do 

....do 


....do.. 
....do.. 
....do.. 
....do., 
....do.. 


surf, 
and 
botm. 


...do.., 
...do.., 

...do.., 
...do.., 
...do... 
...do.. 
...do.. 


13 

20 

18J 

15 

9 

"i 
12 
11 


Against 
tide. 


do.. 
...do.. 


..do... 

..do... 

...do.., 
do.., 
do.. 


10 
lOi 

10 
12 
10 
10 
9i 


Against 

3de. 
...do 


..do 

..do 

..do.... 

..do. 

..do.... 


Ebb,  2.30  knots  per 
hr.  As  grit  gauze 
lining  ripped,  outer 
bag  was  used  as  4' 
inter,  townet  (1- 
inch  mesh)  at  this 
station. 


Flood,  1.70  knots  per 
hr. 


Flood,  1.31  knots  per 
hr. 

Ebb,  0.225  knot  per 
hr.  #20  bag  fllled 
with  sand.  Towed 
5  min.  under  way. 

Ebb,  0.94  knot  per 
hr.  Towed  5  min. 
under  way. 

£bb,  0.90  knot  per 


Ebb,  1.31  knots  per 
hr. 


Ebb,  1.53  knots  per 
hr. 

Ebb,  0.96  knot  per 
hr. 

Ebb,  2.92  knots  per 
hr. 

Ebb,  2.63  knots  per 
hr. 


Ebb,  0.46  knot  per 
hr. 


[ood,  0.50  imot  per 


'^ 


Flood,  1.55  knots  per 
hr. 


Flood,  1.86  knoU  per 
hr. 

Flood,  1.18  knots  per 
hr. 

Flood,  1.52  knots  per 
hr. 

Flood,  1.13  knots  per 
hr. 

Flood,  0.45  knot  per 
hr. 


8572"— 21- 
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U.  S.  BUREAU  OF  FISHERIES. 

Drbdoino  AND  Htdroorafhic  Rbcords  Sbcurbd  in  Sa.n 


SUtion 
nimi- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

H.5208 

Lower  teetion  of  baif. 

OoatId.Lt.,N.21*B 

Ferry  BMg..  N.  66*  W. 
Rt.  Tang.M]8BionRk.,8.33* 
W. 

OoatId.Lt.,  N.13*W 

FefryBkig..N.48*W. 
Rt.  Tang.  iUasion  Rk.,  N. 
73*  W. 

OoatId.Lt.,N.17i*W 

Shag_Rk.,S.64|*W. 
San  Bruno  Lt.,B.  19J*  W. 
ShagRk.,N.45*W 

C.S. 
5531 

5531 

5531 
6631 
5681 
5631 
5631 
5631 

5532 

5632 
5632 
6632 
5532 
5532 
5632 
5532 

5500 

5500 
5500 

1912. 
Oct.  11 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Oct.  12 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

Oct.  15 

...do 

...do 

Oct.   19 

7.50  a.m. 

8.19  a.  m. 

8.49  a.m. 

9.18  a.m. 

9.42  a.m. 
10.04  a.m. 
10.27  a.  m. 
10.54  a.yn. 

8.27  a.  m. 

9.20  a.  m. 

9.42  a.m. 
10.06  a.m. 
10.38  a.m. 
11.04  a.  m. 
11.25  a.m. 
11.49  a.  m. 
12.22  p.m. 

Fmt. 
11 

m 

7 
H 

5 

5 

H 

«l 

7 

7 
10 
8 
0 
16 
22} 
14J 

39 
40 

40 
40 

40 
41 

M 

H.5204 

8.  M 

H.5205 

K 

H.5206 

do 

do 

do 

do 

do 

ic 

H.fi207 
H.5206 

San  Bruno  Lt.,  8. 25*  W. 
Candlestick  Pt.,  N.  6^*  W. 

ShagRk.,N.82*W 

SM^runo  Lt.,  8. 40J*  W. 
No.  2  Beacon,  8. 31*  E. 
Shag  Rk.,  N.  20*  W 

H.5200 

No.2Bea«m.8.31*B. 
San  Bruno  Lt..  8. 72*  W. 
Shag  Rk.,  N.26*W 

H.5210 
H.5211 

No.  2  Beacon,  8. 35*  E. 
San  Bruno  Lt.,  N.  82*  W. 

No.  2  Beaoon,  S.  36*  E 

San  Bruno  Lt.,N.  62*  W. 
San  Mateo  Pt.,  8. 19*  W. 

Middle  9ection  of  bap. 

Brothers  Lt.,N.  15*  W 

Lft.  Tang.  Red  Rk^  8. 73*  E. 
Southampton  Lt.,  B.  35*  E. 

Bluff  Pt.,  8. 17*  E 

Lft.  Tang.  Red  Rk.,  N.  40*  E. 
Southampton  Lt.,  8. 52*  E. 
Southampton  Lt '  8. 58*  B. . 
BluffPt.,8.10*W. 
Rt.  Tang.  Red  Rk.,  N.  6*  W. 
Rt.  Tang.  Red  Rk.,  N.  7*  W. 
Southampton  Lt.,  8. 66*  E. 
BluffPt.,8.45**E. 
Lft.Tang.  Angel  Id.,  8. 64*  W . 
Southampton  Lt.,  N.  70*  E. 
Rt.  Tang.  Red  Rk..  N.  14*  W. 
Southampton  Lt..  N.  10*  E.. 
Rt.  Tang.Angel  Id.,  N.  63*  W. 
Lft.Tang.Angel  Id..  N.  51*  E. 
Southampton  Lt.  JjT.  10*  E.. 
Blunt  Pt^N.  65*  W. 
AlcatrazLt.,S.28*W. 

Angel  Id.  Lt.,  N.  12*  E 

AlcatrasLt.,8.57i*B. 
LimePt.Lt!,S.5f*W. 

OtUaide  CMden  OaU. 

Pt.  Montara  Lt.,  N.  74**  E., 
8.9  miles. 

Pt.  Montara  Lt.,  N.  80}*  E., 
9.1  miles. 

Pt.  Montara  Lt.,  N.  97i*  E., 
8.25  miles. 

MiddUeeclionofbap. 

Between  Angel  Id.  and  Sau- 
salito. 

H.5212 
H.5218 
H.5214 
H.5215 

do 

do 

do 

m,  8. ,. 

H.5216 
H.5217 
H.5218 

do 

do 

hni.  8 ' 

D.5785 

dfcgn.B 

do 

H.5219 
D.6786 

9.40  a.  m. 

D  6787 

.    ..do 

H.52a0 
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Tempentnre. 

Salinity 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

» 

n 

1 

n.88 

SOL  83 
00.68 

31.44 
31.61 

31.51 
31.51 

Tnr.    cae.;    4' 
inter.,    j»3, 
iO0;Ek.bot., 
Pr.  m. 

do 

surf, 
and 
botm. 

...do.... 

Min. 
10 

10 

Against 
...do 

Mi. 

Flood,  1.46  knots  per 
hr.  Insta.  ofthis 
date  ship  went 
with  tide  owing  to 
foggy  weather. 

Flood,  1.02  knots  per 
hr. 

BI.88 

01.78 

31.36 

31.36 

do 

...do.... 

...do 

Flood,  1.95  knots  per 
hr. 

65 

61.78 

61.83 

3a  80 

31.05 

do 

...do,... 

11 

...do 

Flood,  2.16  knots  per 
hr. 

« 

82.08 

61.83 

31.18 

3a  01 

do 

...do.... 

lOJ 

...do 

Flood,  1.46  knots  per 
hr. 

L 

02.  (W 

02.03 

31.00 

31.21 

do 

...do.... 

lOJ 

...do 

Flood,  1.39  knots  per 
hr. 

» 

B2.18 

02.23 

3a  04 

31.05 

do 

...do.... 

11 

...do 

Flood,  1.44  knots  per 
hr. 

70 

62.18 

03.13 

saw 

31.00 

do 

...do.... 

...do 

Flood,  1.59  knots  per 
hr. 

1 

60118 
6a  18 

50.88 

50.53 
S&83 

6&38 

28.35 
28.08 

28.68 

30.50 
3a  11 

3a  06 

Tnr.    cae.    ;4' 
inter.,    #12, 

Pr  ni. 
do 

surf, 
and 
botm. 

...do.... 

10 

Against 
...do 

Slack,  ai5  knot  per 
hr. 

Flood,  0.68  knot  per 
hr. 

a 

57.78 

57.53 

28.58 

do 

...do...- 

0 

...do 

Flood,  1.48  knots  per 
hr. 

1 

57.06 

57.48 

31.53 

31.66 

do 

...do.... 

10 

...do 

Flood,  1.46  knots  per 
hr. 

1 

61 

S&48 

57.08 

31.12 

31.66 

do 

...do.... 

10 

...do 

Flood,  1.18  knois  per 
hr. 

r 

67.08 

56.48 

32.06 

32.18 

do 

...do.... 

10 

...do 

Flood,  1.36  knots  per 
hr. 

'«3 

5«.78 

56.13 

32.20 

31.00 

do 

...do.... 

10 

...do 

Flood,  1.39  knots  per 
hr. 

64 

55.08 

56.13 

33.00 

32.53 

do 

...do.... 

10 

...do 

Flood,  1.25  knots  per 
hr. 

,53 

53.68 

48.00 

33.81 

34.14 

13'Ag.;10"dr.; 
Ek.bot.Tnr. 
C8e.;4'lnter.; 

#i2,«ao. 

13'Ag.;  10"  dr. 

12'Ag.;10"dr.; 
Ek.bot.;Tnr. 
0Be.,4'inter.; 
#13,  #20. 

4'  iuter.;  #12, 
#20. 

surf, 
and 

botm... 

botm. 
and 
surf. 

mirf 

36 

20 
34i 

20 

266J* 

286i* 

aoo** 

Against 

1.5 

1.5 
1.5 

Ebb.  On  fishing 
grounds.  Cable  out 
120  fms.  Inter, 
temp.,  52.21;  inter, 
sal.,  34.17. 

Ebb.  On  fishing 
grounds.  Cable  out 
130  fms. 

Flood.     On    fishing 

M 

53.88 

53.21 

grounds.  Inter, 
temp.,  51.76;  inter. 
sal.,si08. 
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station 
num- 
ber. 


Podtkm. 


Chart. 


Data. 


Time  of 
day. 


Depth. 


Character  of 
bottom. 


D.5788 
H.5221 


D.5789 
H.6222 


D.57W) 
H.5223 


D.5m 
H.5324 


D.5792 
H.5225 


D.57fl3 

D.5704 

D.57))5 
D.57g6 

D.67OT 
D.5798 
D.5799 

D.5800 
D.5801 

D.58q2 
D.5803 
D.5804 


OvttUte  Oolden  GaU. 

Farallones  U.,  N.  lU*  E., 
3.8  miles. 


FarallonoB  U.,  N.  iSi*"  W., 
3.9  miles. 

Farallones  Lt.,  N.  80^*  W., 
5.4  miles. 


Farallones  Lt.,  S.  87i»  W., 
8.8  miloB. 


San  Franoisoo  Lt.  Ship,  N. 
37*  £.,  1  mile. 


Upper  tedUm  of  bap. 

Canjulnez  U.,  N.  m*  W. .. . 
Rt.  Tang.  Selby  Whf.,  S. 

48*  W7 
Lft.  Tang.  Crockett  Whf., 

8  76*  E 
N.  W.  oomer  Crockett  Whf., 

N.27i*W.,0.26mI. 

Middle  fecUon  of  bay. 

Rt  Tang.  Angel  Id.,  S.  27*  W, 
Lft.  Tang.  Angel  Id.,  B. 

784*  E 
Southampton  Lt.,  N.  75*  E. 
Rt.  Tang.  Angel  Id.,  S.  33i* 

W. 
Lft.  Tang.  Angel  Id.,  S.  80i* 

Bluil  Pt.,  N.  84*  W. 
Rt  Tang.  Angel  Id.,  S.  78*  W 
Lft  Tang.  Angel  Id.,  S.  7*  W 
Southampton  Lt.,  N.  614*  £. 
Rt  Tang.  Angel  Id.,  N.  41*  E 
Lft.  Tang.  Angel  Id. .  N.  4*  W. 
SouthamptonLt.,  N.  814*  W. 
Rt.  Tang.  Angel  Id. ,  S.  TO*  W 
Lft.    Tang.    Angel  Id.,  S. 

8J*  W. 
Southampton  Lt.,N.67*  E. 

AlC8traiLt,8.66*E 

AngelId.Lt,N.14*E. 
Lime  Pt.  Lt.,  S.  864*  W. 

Alcatra«Lt.,S.704'^E 

AngelId.Lt,N.S4*E. 
LimePt.Lt,8.57i*W. 

Lower  section  of  hay. 

Rt.  Tang.  Mission  Rk.,  N. 

82*  W. 
GoatId.Lt.,N.2*W. 
Ferry  Bklg.,N.  484*  W. 
Rt.  Tang.  Mission  Rk.,  N. 

47*  W. 
Ooatld.  Lt.,N.18*W. 
Pt.  Avisadero,  8. 644*  W. 

ShagRk.,a.8»i*W. 

SauBrunoLt,8.214'»W. 
Ft.  Avisadero,  N.  62*  « 


C.S. 


1012. 
Oct.  21 


5600 
5500 

5500 

5500 

5533 

5533 

5532 
5532 

5532 
5532 
5532 

5532 
5532 

5631 
5531 
5531 


..do 

Oct.   22 

..do..... 


..do... 


Oct.  28 


.do.. 


Oct.   29 


..do.. 


..do.. 


..do.. 


.do.. 


.do.. 


.do.. 


Oct.   30 


.do.. 


.do.. 


^W. 


Fmt. 
68 
60 


46 
33 


35 
33 


86 
29 


26 
19 


}? 


19 
184 


8 

1'4 


\? 


10 


n 


fne.gn.8. 


....do. 


bk.M.,gy.bn.S. 


bn.S.ygy.bk.  M., 


St... 


S.,Sh. 


8 

M 

fne.  gy.  m.  S. 


era.  8.,  St. . 
G.,S.,St. 


Sh.,M... 
M 


sft.M. 
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6b 


Temperatore. 


52. 38  4&  76 


52. 58  4S.  86 
52.68 


52.38  40.56 


51.88 


51    5&00 
«    56uOO 

E8.00 
57.00 
57.00 


Salinity. 


Surf. 


34.16 


34.16 
33.80 

33.87 
34.08 


Botm. 


33.00 


34.31 


34.27 


Apparatos. 


12' Ag.;  10"  dr.; 
4'lnter.;Tnr. 
o».;|12,«20; 
Ek.  bot. 


.do.. 


.do.. 


.do.. 


..do.. 


Ojrs.  dr., 


.do. 


oys.  dr.. 


.do. 


S'sldg 

5'sldg.;  m.  b.. 
do 


oys.  dr 

do 


5'8ld«.:iii.b.. 
....do 


5'gldg 


Trial. 


Depth. 


botm. 
and 
surf. 


.do.... 
.do. 


..do.., 


.do- 


botm.. 


.do.. 


botm., 


.do.. 


...do., 
...do., 
...do.. 


.do., 
.do.. 


botm.. 
..do... 


..dp... 


Dura- 
tion. 


liin. 

20 


20 


20 


20 


13 


7J 
20 
20 

4 


12 


20 


Drift. 


Direction. 


N.66rW. 


N.  80*  W.. 
S.61»E.., 

>..do 

...do...... 

S.81»E.. 

S.87«E... 

N.31*E 
N.31'E... 

N.34^W.. 
N.27P  W 
N.36|'E.. 

8.26*W 
S.35»W.. 

8.84i"E.. 
B.47»E... 
8.54*B... 


Ml. 
1.0 


1.0 
1.0 


1.0 


.45 


.6 
.55 

.58 

1.3 

.8 

.45 
.5 

.4 

.05 
1.2 


Remarks. 


Messenger  on  inter, 
therm,  failed  to  re- 
lease till  brought  to 
surf.  Botm.  sam- 
ple and  readings 
approximate.  In- 
ter, temp.,  49.71; 
inter,  sal.,  38.09. 
Ebb. 

Inter,  sal.,  33.83:  in- 
ter, temp.,  52.31. 
Ebb. 

Ebb.  Botm.  therm, 
did  not  trip.  Inter, 
temp.  49.51;  inter, 
sal.,  33.92. 

Ebb.  Lost  sounding 
lead  after  Hfting 
from  water.  Inter, 
temp.,  49.31;  inter, 
sal.,  34.01. 

Botm.  Bk.  bot.  f^Ued 
to  trip.  Ebb.  In- 
ter, temp..  51.81; 
Inter,  sal.,  34.08. 


Flood.   Towed 
astern* 


Do. 

Do. 
Flood. 

Do. 
Do. 
Do. 


Ebb.  Dr.  oaaght 
several  times  regi»> 
terlngover5toi^ 

Ebb.  Aocumolator 
registered  5  toDS. 


Flood.  Towed 
astern.  Bridle 
lashed  to  frame  1' 
on  each  side. 

Flood.  Towed 
astern. 


Do. 
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station 
num- 
ber. 


Pocdtion. 


Ghwt 


Date. 


Time  of 
day. 


Depth. 


Character  of 


D.fi805 


D.6806 
H.fi826 


D.M07 
IL6327 


D.6808 
H.fi228 

D.6809 


D.6810A 
H5229A 


D6810B 


D.fi810C 
H.fi22QC 
H.6290 


D.5811A 
H.fi231A 


D.5811B 
HiSSlB 


D.5811C 
H.53S1C 


H.6332 


H.6233 


H.S234 


H.6335 


Lower  teetUm  ofbof—Caa. 


8hag_Rk..N.5«rW.. 
SanBruno Lt. , S. 36'  W^ 


Candlestick  Pt.,  N.  ?!•  W. 

OuUidt  Golden  Gate. 

San  Frendaoo  Lt.  Ship,  8. 
75i"W.,  2.5  miles. 


MUe  Rk.  Lt.,  N.  ?«•  E.,  3.e 
miles. 

MiddU  tectum  qfbap. 


BonitaPt.Lt^N.8a-W.. 
FortPt.  Lt.,8.86«E. 
LimePt.Lt.,N.44*E. 
BonltaPt.Lt.,N.88«W. 
Fort  Pt.  Lt.,  S.  7W*  E. 
LimePt.Lt.,N.a)|<'£. 

Off  Pt.  Reyes 


Lower  eeetion  of  bay. 

San  Bnmo  Lt..  N.  4U''  W. 
i,S.87»E. 


No.  2  Beaoon, 

San  liateo  Pt.,  N.  84« 


W. 


No.  2  Beaoon,  S.  87»  E 

San  Mateo  Pt.,  N.  84«  W. 
San  Bnmo  Lt.,  N.  444*  W. 
do 


No.  2  Beaoon,  S.  87*  E 

San  Mateo  Pt.,  N.  84*  W. 
San  Bnmo  Lt.,  N.  44}*  W. 


San  Mateo  Pt.,  N.  63*  W. . . 
San  Bnino  Lt.,  N.  2^*  W. 
No.  2  Beacon,  £ast. 

San  Mateo  Pt.,N.  52- W.. 
San  Bnmo  Lt.,  N.  32*  W. 
No.  2  Beacon,  N.  87}*  W. 

San  Mateo  Pt.,N.  53*  W... 
San  Bnmo  Lt.,  N.  31*  W. 
No.  2  Beaoon,  S.  89*  E. 

San  Mateo  Pt.,  N.  8U*  W. . 
San  Bnmo  Lt.,  N.  33^  W. 
No.  2  Beacon,  S.  85*  E. 

Middle  tectum  of  Aqr. 


Brothers  Lt.,  N.  17}*  E 

Lft.  Tang.  Red  Rk..  8. 07*  E 
Southampton  Lt.,  8. 33*  E. 


BluflPt.,S.32*B 

Lft.  Tang.  Red  Rk.,  N.  40*  E. 
Southampton  Lt.,  8. 40*  B. 


BluffPt.,8. 18**W 

Rt.  Tang.  Red  Rk.,  N.  4*  E. 
Southampton  Lt.,  8.  ft4*  &• 


C,S, 


1912. 
Oct.  80 


Nov.    4 


5500 


5632 
5682 


.do.. 


Nov.    4 
..do 


5531 


5631 

5531 
5531 


5531 
5531 
5531 

5532 

6532 
5532 


Nov.    6 


Nov.  11 


.do.. 


.do.. 


.do.. 


.do.. 


..do.. 


.do.. 


.do.. 


Nov.  35 


..do 


.do.... 


8.03  a.m. 


8.34  a.  m. 


9.08  a. 


Fvu. 


13 


43 

27 

S3 
21| 


7* 


8ft.  M.. 


8.,0.,St.. 


.do.. 


8h.,M. 


8h.,M.. 
1     do... 


Sh.,M.,8. 
M 


do. 
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82 

M.08 

68.86 

32.81 

32.03 

...:.do 

...do.... 

21 

8.69fW. 

1.3 

oys.    dr.;     4' 
Igtor.;    #12. 

...  .do 

botm. 
and 
surf. 

botm... 

...do.... 

0 
15 

90 

8.44*W... 
8.54*  W... 

.96 
1.15 

6.0 

seine 

57.88 

5&M 

3L40 

31.21 

oyster    toniss; 
Tnr.'cse. 

botm. 
and 
surf. 

Anchored. 

...U 

66.18 
56.53 

31.42 
31.40 

31.36 

do 

do 

.  .do.... 
...do.... 

...do 

S7.33 

...do 

Ek.bot.;Tnr. 
C8e.:»12,«30. 
4'  Inter. 

surf, 
and 
botm. 

10 

Circle 

57. « 

57.18 

81.51 

31.44 

oyster    tongs; 
^Ek.bot.; 
Tnr.cse. 

botm. 
and 
surf. 

Anchored. 

57.  «3 

67.93 

31.51 

31.60 

do 

...do.... 

...do 

.... 

57.83 

67.03 

81.60 



do 

...do.... 

...do 

Bk.  bot.:  Tnr. 

surf, 
and 
botm. 

10 

8.67*E... 

.33 

S2 

64.08 

64.48 

27.20 

28.60 

Sk.  bot.:  Tnr. 
cse.;4'inter.; 
#12,  #30;  Pr. 
m. 

surf, 
and 
botm. 

21 

Agjln.t 

52 

53.88 

64.88 

26.06 

29.82 

do 

...do... 

16 

...do 

53 

63.98 

58.M 

20.10 

3L07 

Ek.  bot.;  Tnr. 
C8e.;4'inter.; 
#12;Pr.m. 

...da.... 

11 

..^0 

Ebb.     Vertical  tow> 
net  haul. 


Ebb.    VertSoal  tow- 
net  haul. 


Do. 


2  haob.  Trip  made 
witli  Faladlnl  Fish 
Go. 


On  oyster  beds.  Ea- 
ton beds,  southern 
beds.  Operations 
conducted  from 
scow. 
Do. 


Do. 

Ebb.  Towed  around 
Eaton  oyster  bed. 
Operations  con- 
ducted from 
launch. 

Ebb.  On  Moraghan 
bed;  N.  E.  fence. 
Operations  con- 
ducted from  scow. 

Ebb.  On  Moraghan 
bed;  S.  fence.  Op- 
erations conductod 
from  scow. 

Ebb.  On  Moraghan 
bed:  W.  fence. 
Operations  con- 
ducted from  scow. 

Ebb.  Down  NE. 
fence  of  Moraghan 
bed.  Opereuons 
conducted  from 
launch. 

Flood,  0.10  knot  per 
hr.  Towed  8  nun. 
under  way.  Tow- 
net  #20  was  fouled 
on  inter,  and  did 
not  function. 

Flood,  0.79  knot  per 
hr.  Towed  5  mm. 
under  way.  Tow- 
net  #20  bHdly  torn. 

Flood,  1 .07  knots  per 
hr.  Lost  the  water- 
sample  dipper. 
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U.  S.  BT7BEAU  OF  FISHERIES. 

Drbdoinq  and  Htdroorafhic  Kecords  Secuiibd  in  San 


StaUon 
num- 
ber. 


H.S2a6 
H.5237 

H.5238 

H.623Q 
H.5340 

H.5241 

H.6242 

H.fi243 
H.5244 
H.fi245 
H.£246 
H.fi247 


PoBitlOD. 


H.5249 
H.5260 
H.6251 
H.5262 
H.fi253 
H.6254 

H.5266 


Middle  aeetion  of  bay— Coa. 


Bluff  Pt.,S.40i*W 

Rt.  Tang.  Rod  Rk.,  N.  7«  W. 
Southampton  Lt.,  B.  02*  E. 
Southampton  Lt.,  N.  60**  E.. 
Rt.  Tang.  Red  Rk..  N.  !?•  W. 
Lft  Tang.  Angel  Id.,S.  14*  W. 

Southampton  Lt.,  N.  lO**  E.. 
Rt.  Tang.  Angel  Id.,N.  67*  W. 
Lft  Tang.Angel  Id.,S.  36*  W. 

Southampton  Lt.,  N.  S**  E... 
Blunt  Pty  N.  sr  W. 
AlcatraBLt.,8.30*W. 

Angel  Id.  Lt.,  N.  11*  E 

Alcatras  Lt.,  S.  56*  £. 
LimePt.Lt.,8.62*W. 


Upper  ttetion  of  bay. 


Carqulne«Lt.,N.26JW 

Lft.  Tang.  Crockett  Wht,  8. 

73*  E 
Rt.  Tang.  Selby  WhL,  8. 39* 

W. 

Mare  Id.  Lt.,  N.  50*  W 

Carquinez  Lt.,  N.  23*  B. 
Lft.  Tang.  Crockett  Wht,  8. 

71*  ET 

Lone  Tree  Pt.,  S.  40*  E 

Mare  Id.  Lt^  N.  05*  E. 
PtnolePt.,S.4WW. 

Lone  Tree  Pt.,  8.  83*  E , 

Pinole  Pt.,  8. 38*  W. 
MareId.Lt.,N.64*E. 

Brothers  Lt.,  8.  2»*W 

Pinole  Pt.^  8. 76*  E. 


Rt.Tang. Sisters,  8.  Sli*  W. 

Brothers  Lt.,  8. 27i*W 

Rt.Tang.  Sisters,  SJBl*  W. 


Pinole  ^yN.74i*E 

Brothers  Lt.,S.  4*  E 

Lft.  Tang.  Sisters.  N.  34^*  W. 
Lft.  Tang.  Marin  Ids.,  8. 57)* 
W. 

Lower  netion  of  bay. 


No.  2  Beacon,  8.  81*  E.... 
San  Bruno  Lt.,  N.  60*  W. 
San  Mateo  Pt.,  8. 17*  W. 


Chart. 


8hagRk.,N.28*W 

No.  2  Beacon,  8. 33*  E. 
San  Bruno  Lt.,  8.  85*  W. 

ShagRk.,N.39*W 

No.  2  Beacon,  8. 33*  E. 
San  Bruno  Lt.  8. 59*  W. 

ShagRk.,N.®*W 

No.  2  Beacon,  8. 80*  E. 
San  Bruno  Lt,  8. 31*  W. 

ShagRk., N.  SS' W 

SanBrunoLt,S.23*W. 
Candlestick  Pt.,  N.  72*  W. 

Goatld.  Lt.,N.17*W 

8hagRk.,S.60*W. 
San  Bruno  Lt.,  8. 18*  W. 

GoatId.Lt,N.15*W 

Ferry  Bldg.,N.  60*  W 

Rt.  Tang.  Mission  Rk.,  N. 

70*  W. 

Goat  Id.  Lt,  N.  20*  E 

FerryBWg..  N.  66*  W. 
Rt.  Tang.  Mteion  Rk.,  8. 

83*  W. 


C,S. 


6532 
6632 

5682 

5683 
6682 

6683 

6633 

6638 


Bate. 


1912. 
Nov.  25 


..do 

..da.... 

..do 

..do 

Nov.  26 

...do.... 

..do 

...do 

...do 

...do 

...do.. 


6631  Nov.  27 


6531 
6631 
6531 
6531 
6531 
6581 

6631 


Time  of 
day. 


.do 

.do 

.do 

.do 

.do 

..do 

..do 


9.22  a.  m. 
9.46  a.  m. 

10.06  a.m. 

10.28  a.m. 

11.04  a.m. 

10.87  a.  m. 

11.07  a.  m. 

11.46  a.m. 

12.19  p.m. 
1.04  p.m. 
1.26  p.m. 
1.58  p.m. 

10.20  a.  m. 

11.05  a.  m. 
11.26  a.  m. 
11.51  a.  m. 
12.18  p.m. 
12.51p.m. 

1.23  p.m. 

1.68  p.m. 


Depth. 


Fms. 
7i 

14 

21 
111 

»l 

8» 

6 
6 
<4 

7 

6 
0 
0 

ei 

»i 
io» 

1^ 


Character  of 


.8... 

do. 

do. 

....do. 


do.. 

....do.. 

....do., 
do.. 

hrd.M. 


...do.. 
.....do.. 
...••do.. 

do.. 

do.. 

....do*. 

....do*. 
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M.53S4.06 


54.5353.03 


54.6353.88 


20.56 
20.43 

3a  36 


30.11 
3a  43 

3a  82 


do., 

do.. 

do.. 


...do.... 

13 

...do 

...do.... 

14 

...do 

...do.... 

13 

With  tide. 

Flood,  0.70  knot  per 

hi.    Net  towed  3 

min. 
Flood  (nearly  slack), 

0.26  knot  per  hr. 

Net  towed  4  min. 

Beginning  of  ebb, 
0.66  knot  per  br. 
Net  towed  3  min. 
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U.  S.  BUREAU  OF  FISHERIES. 

Dbbdoing  and  Htdbographic  Rboordb  Sbcubbd  in  San 


Station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Chancterof 
bottom. 

0.6812A 
IL625ftA 

D.6812B 

Lower  oeetion  0/ toy— Con. 

No.  7  Beacon,  8.  73*  E.,  0.7 
mUe. 

No.  7  Beacon,  N.  63*  E.,  0.85 
mile. 

No.  7  Beacon,  N.  03*  E.,  0.79 
mile. 

No.  7  Beacon,  8. 2i*  W.,  0.40 
mile. 

No.  7  Beacon,  8.  2*  E.,  0.6 
mile. 

No.  4  Beacon,  N.  66*  E.,  0.98 
mile. 

No.  4  Beacon,  N.  66*  E.,  0.81 
mile. 

No.  4  Beacon,  N.  611*  E.,  0.81 
mile. 

Vpper  seetUm  oJ  bay. 

Brothers  Lt.,  S.  9i*  E 

Lft.  Tanit.  Sisters,  N.  29*  W. 
LfLTang.MarlnIds.,8.66*  W. 

Brothers  Lt.,  8. 23*  W 

Rt.  Tang.  Sisters,  8. 64|*  W. 
PinolePt.,N.72i*E. 

Brothers  Lt^  8. 80*  W 

Pinole  Pt.,  8. 77*  E. 

Rt.  Tang.  Sisters,  8. 631*  W. 

LoneTreePt..8.8«*l 

Pinole  Pt.,  8.  k6*W. 
MareId.Lt.,N.04*E. 

Lone  Tree  Pt..  8. 37*  E 

MareId.Lt^N.02i*E. 
Pinole  Pt.,  8. 60J*W. 

l£ar«Id.Lt.,N742*W 

CarquineiLt.,N.69JlE. 
Lft.Tang.  Crockett  Whf.,  8. 

70*  E. 
Carqulnes  Lt.,  N.  34i*  W.. .. 
Lft.  Tang.  Crockett  Whf.,  8. 

72*  e!^ 
Rt.  Tang.  Selby  Whf.,  8. 48* 

W. 

Lower  teethnoj  bay. 

GoatId.Lt.,N.16*E 

Ferry  Bldg..  N.  73*  W. 

^86**  W^'  *^^  ^-  ^' 

OoatId.Lt.,N.16**W 

Ferry  Bldg..  N.62f*W. 
Rt.  IW  lOaiion  Rk.,  N. 

as. 

6631 

6631 
6631 

6631 
6631 

6631 

6531 

6631 

6533 

5633 

6533 
6633 
6633 
5533 

5533 

6631 
6631 

1912. 
Nov.  27 

...do 

...do 

...do..... 
...do 

...do 

...do..... 

...do 

Dec.    3 

...do 

...do 

...do 

...do 

...do 

...do..... 

Deo.    4 
...do 

10.60  a.  DL 

11.20  a.m. 
11.83  a.  m. 

12.48  p.m. 
1.02  p.m. 

2.47  p.  m. 
3.02  p.m. 
8.10  p.  m. 

10.10  a.  m, 

10.49  a.  DL 
11.18  a.  m. 
12.06  p.m. 
12.44  p.m. 

1.26  p.m. 

1.48  p.  DL 

9.09  a.  m. 
10.40  a.m. 

Fmi. 

1 

1 
1 

U 

u 

1 
1 

12 

7 
7 

61 
5ft 

8ft 

13ft 

10 
•ft 

Bh.,U 

1 

1 

u      1 

£L6266B 
H.6267 

D.6813 
H.6268 

B.62&9 
D^14A 

a5zeoA 

DJ&814B 

do 

do 

do 

11  ah      ••• 

i 

1£              

B.6aeoB 

B.6261 
H  6202 

do 

IK^    |£            

B.6208 

ic 

B.6264 
B.6206 
B.6266 
B.6267 

B.6268 

do 

do 

do 

do 

8 

B.6369 

S.1C 

B.6230 

do 
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K 

h'th 

54.41 

3a  89 

31.27 

ose. 

botm. 
and 
surf. 

Anchored. 

B 

M.23 

54.31 

31.36 

31.27 

do 

...do.... 

...do 

88.5 

4'  toter.;  #12, 

surf, 
and 
botm. 

10 

«7 

54.  «3 

54.76 

31.05 

31.18 

oyster    tones; 
Ek.bot.;^. 
ose. 

botm. 
and 
surf. 

An*c«d. 

W 

55.73 

4'  inter.;  Ek. 
bot.;     Tnr. 
ose.;  #12,  #20. 

surf, 
and 
botm. 

10 

61 

5&23 

56.31 

sail 

3aii 

cse. 

botm. 
and 
surf. 

AndMved. 

60 

6S.13 

5&25 

3a74 

3a  74 

do 

...do.... 

...do 

60 

..... 

4'toter.;  #12, 

snrf. 
and 
botm. 

10 

II 
51 

52.73 
52.73 

53.03 
62.98 

•J6.71 
26.97 

28.95 
2&02 

Ek.  bot.;  Tnr. 

cse.;  4' inter.; 

#12,  #20;  Pr. 

m. 
do 

surf, 
and 
botm. 

...do.... 

11 

10 

Against 
...do 

51 

52.73 

6198 

2i.08 

26.32 

do 

...do.... 

11 

...do 

68 

5173 

5198 

17.83 

24.52 

do 

...do.... 

H 

...do 

6d 

SI  03 

5183 

17.47 

2113 

do 

...do.... 

^ 

...do 

70 

5L73 

6128 

13.75 

14.29 

do 

...do.... 

11 

...do 

m 

5183 

6128 

13.37 

17.40 

do 

...do..*.. 

10 

...do 

51 

SI  83 

6L98 

29.04 

31.12 

Ek.bot.;  Tnr. 
cse.  ;4' inter.; 
#12,#20;Pr. 

surf, 
and 
botm. 

13 

Against 

51 

51«8 

SI  98 

29.50 

28.88 

m. 
do 

...do".... 

12 

...do 

Flood.  Dtnnbarton 
No.  2  oyster  bed, 
near  camp.  Opera- 
tions conducted 
from  launch. 

Dumbarton  No.  2  at 
somedistanoo.  Op- 
erations conducted 
from  laundi. 

Flood.  Townethaul 
between  A  and  B. 
Operations  con- 
ducted  from 
launch. 

Flood.  Mowry  oyster 
bed.  Operations 
conducted  from 
laundi. 

Flood.  Townethaul 
in  Mowry  oyster 
bed.  Operations 
conducted  from 
launch. 

Ebb.  South  Bel- 
mont oyster  bed. 
Operations  con- 
ducted from 
launch. 

Ebb.  South  Bel- 
mont oyster  bed; 
another  point.  Op- 
erations conducted 
from  launch. 

Ebb.  Townet  haul 
in  South  Belmont 
oyj^ter  bed.  Oper^ 
ations  conducted 
from  launch. 

Ebb,  1.80  knots  per 
hr. 


Ebb,  1.23  knots  per 
hr. 

Ebb,  1.31  knots  per 
hr. 

Ebb,  1.50  knots  per 
hr. 

Ebb,  1.74  knots  per 
hr. 

Ebb,  1.88  knots  per 
hr. 


Ebb,  2.80  knots  per 
hr. 


Ebb,  1.39  knots  per 
hr. 


Ebb,  2.05  knots  per 
hr. 
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U.  S.  BUREAU  OF  FISHERIES. 

Dredoino  and  Hydrooraphic  Hbcords  Secured  in  Sak 


Station 
niun- 
bor. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

Lower  teetUm  cfbatf—Con. 

C.8. 

1912. 

Fme. 

H.6271 

GoatId.Lt.,N.m*W 

8hagRk.,8.eO*W. 
8an^mnoLt..8.17*W. 

»31 

Dec.    4 

11.19  a.m. 

8 

M 

H.5272 

81                                  

8f                                   V. 

a                        'w. 

&531 

...do 

11.48  a.m. 

n 

.....do 

H.6273 

81                                   

8i                                   W. 

N 

5631 

...do 

12.20  p.  m. 

5 

do 

H.5274 

1                   r- 

N 

5531 

...do 

12.48  p.  m. 

5 

...;.do 

H.6275 

8]                                    

8i                                   W. 

N 

5631 

...do 

1.11  p.  m. 

5 

do 

H.627e 

No.  2  Beacon,  8. 34*  E 

8anBnmoLt.,N.67*W. 
8anMateoPt.,8.10i*W. 

IMdUtectkmofhaif. 

5531 

...do 

1.38  p.m. 

7 

do 

H.5277 

Angelld.  Lt.,  N.  Hi*  E 

Alcatra8Lt.,8.63}*E. 
LimePt.Lt.,S.flO*W. 

6532 

Dec.    6 

9.49  a.m. 

Ml 

hrd.8 

' 

H.5278 

Southampton  Lt.,  N.  9*  E.. . 
Blunt  Pt!,N.  44*  W. 

6532 

...do 

10.26  a.m. 

Wl 

m,  s 

AlcatraxLt.,8.81*W. 

H.5279 

Southampton  Lt..  N.  17**  E . . 
Rt.  Tang.  Angel  Id.,  N.  67* 

Lft.  Tang.  Angel  Id.,  8.  41i* 

Southampton  Lt.,  N.  63|*  E . . 
Rt.  Tang.  Red  Rk.,  N.  ll*  W. 
Lft.  Tang.  Angel  Id.,  8. 1*  W. 

6532 

...do..... 

10.56  a.m. 

16 

do. 

H.52R0 

5532 

...dp 

11.23  a.  m. 

81 

do. 

U.5281 

Southampton  Lt..S.74*  E... 
BluflPt.,8.44i*W. 
Rt.  Tang.  Red  Rk..N.  li*  W. 
Southampton  Lt..  8. 60}^  E . . 
Bluff  Pt.,  8.  W*  W. 
Rt.Tang.RedRk.,N.6*E. 
Southampton  Lt^  8. 62*  E . . . 
Blull  Pt.,  8. 19*  E. 

5532 

...do 

11.52  a.m. 

8 

M; 

H.5282 

5532 

...do..... 

12.11  p  m. 

H 

do. 

H.fi283 

5532 

...do 

12.41p.m. 

7 

do 

Lft.  Tang.  Red  Rk..N.4«*  E. 
Brothers  Lt.,.N.  1(5- E 

H.6284 

5632 

...do 

1.12  p.m. 

9 

do. 

Southampton  Lt.,  8. 33)*  E. 
Lft.Tang.RedUk.,8.d3*E. 

Upper  section  cf  bay. 

D.  581&A 

Lft.  Tang.  Crockett  Whf., 
8.77*E. 

5533 

Dec.    9 

11.23  a.  m. 

7 

8.M..  M 

B.  JB.,  «a^.  •..••-• 

Ctirquinex  Lt,  N.  4*  E. 

Rt.  Tang.  Selby  Whf.,  8. 

20*  W. 

AtoB 

5533 
6533 

...do 

...do 

11.33  a.  m. 
12.09  p.  m. 

• 

D.  6815B 

Lft.  Tang.  Crockett  Whf., 

8.72*™. 
CarqulnezLt..N.49*W. 
Kt.  Ttmjf.  Selby  Whf.,  8. 

13 

m.  8.,  Sli. 

D.  5816A 

Carquinei  Lt.,  N .  68*  E 

01eumPt.,8.32*E. 

5633 

...do..... 

1.00  p.  m. 

9i 

M  ,8h 

MareId.Lt.,N.38*E. 

, 

AtoB 

6633 

...do..... 

1.06  p.  m. 

Digitized  by 


Google 


DBED6IKG  AKD  HTDBOGRAFHIG  BBCOBDS. 
FRANGiaoo  Bat,  Gauf.,  1912-13,  and  March,  1914— Continued. 


61 


Tompoiatare. 

Salinity. 

Appantus. 

Trial. 

Drift. 

s 

Remarks. 

^ 

1 

1 

Snrl. 

Botm. 

I>epth. 

Dura- 
tion. 

Directiaa. 

t 
s 

51 

•a 

1 

•P. 

53.23 
53.33 

53.18 
58.23 

29.50 
29.50 

28.56 
29.50 

Ek.bot.;T]ir. 
cae.;   e  In- 

PO;  Pr.m. 
do 

surf 
a  nd 
botm. 

...do.... 

11 
11 

Against 
...do 

Aft. 

Ebb,  2.04  knots  p€r 
hr. 

Ebb,  1.95  knots  per 
hr. 

£2 

53-73 

53.78 

29.95 

29.95 

do 

...do.... 

10 

...60, 

Ebb,  1.66  knots  per 
hr. 

I52 

53.63 

58.78 

3afiO 

29.89 

do 

...do.... 

11 

...do 

Ebb,  1.74  knots  per 
hr. 

53 

r 

1 

54.53 

53.53 

52.98 
53.68 

8a  20 

30.43 

3a28 
3a  43 

do 

do 

...do.... 
...do.... 

lOi 
11 

...do 

...do 

Ebb,  1.88  knots  per 
hr.  Ek.bot.  fouled, 
failed  to  trip,  low- 
ered immediately, 
tripped,  and  read- 
ings taken. 

Ebb,  1.59  knots  per 
hr. 

! 

54 

51.03 
52.23 

52L08 
62.28 

82.28 
82.28 

32L37 
32.37 

Ek.bot.;Tnr. 
cae.;   4'  in- 
ter.;      #12, 
#20  Pr.m.' 

do 

surf, 
and 
botm. 

...do.... 

10 

Against 
...do 

Ebb,  a517  knot  per 
hr. 

Ebb,  a764  knot  per 
hr. 

58 

52.43 

52.38 

31.76 

32.14 

do 

...do.... 

17 

...do 

■ 

Ebb,  0.8  knot  per  hr. 

58 

52.53 

52.38 

31.66 

31.66 

do 

...do.... 

15 

...do 

Ebb,  0.82  knot  per 
hr. 

M 

52.53 

52.68 

29.34 

31.61 

do 

...do.... 

10 

...do 

Ebb,  1.48  knots  per 
hr. 

1 

52.83 

52.68 

30.66 

31.21 

do 

...do.... 

lU 

...do 

Ebb,  2.04  knots  per 
hr. 

U 

S2.53 

62.63 

28.40 

30.35 

do 

...do.... 

lOi 

...do 

Ebb,  2.33  knote  per 
hr. 

GO 

52.03 

52.48 

27.33 

29.04 

do 

...do.... 

10 

...do 

Ebb,  2.71  knots  per 
hr. 

SO 

52.00 

0.  p.  dr 

5'  sldff 

botm... 

0.  p.  dr.  used  at  each 
end,  sledge  trawl 

Ing  distance,  0.56 
ml.     Flood.    H.4 
inches  over  top  of 
0.  p.  dr. 
No  M.    Cable  out  30 

.do.  .. 

15 

05^ 

0.54 

o.p.dr.:5'  sldg 

...do.... 

fms. 
0.  p.  dr.  }  Ml;  rest 
washed  out. 

:)2 

o2.00 

do 

6' side. 

...do.... 
...do  .  . 

15 

76" 

0.88 

0.  p.  dr.usedateaoh 
end,  sledge  trawl 
through  mteryen- 
ing  ^Unce,  0.88 
mi.  Flood.  M.  6 
inches  over  top. 

No  M.    Cable  out  30 

1 

fins* 
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U.  S.  BUBEAU  OF  FISHERIES. 

Drkdoino  and  Htdroobaphic  Becobds  Sbcubsb  in  San 


station 
num- 
ber. 


Position. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


Caianoterof 
bottom. 


D.5816B 
D.  5817A 

D.ffllTB 
D.6618A 


D.  5818B 
D.  fi819A 


D.  6819B 
D.6820A 


D.5820B 


D.6821A 


D.5821B 
D.582SIA 


JTyper  teeUon  cf  tejf— Comtd. 


Carqataea  Lt..N.81*  E 

MareId.Lt..N.28»W. 
Lit.  Tans.  C^keU  Whf., 

Lone  Tree  Ft..  B.  IT  E 

MareId.Lt^N.6irE. 
Pt.  Pinole,  8. 6ir  W. 


C.5. 


AtoB. 


8elbyl¥barf,B.86*E.. 
Hareld.  Lt.,N.fi9*E. 
Pt.  Pinole,  8. 64*  W. 
OfIPt.Keyes 


Upper  Mctton  cfhag, 

Pt.  Pinole,  8.  W  E 

MareId.Lt.,N.67»E. 
Lone  Tree  Pt.,N.8»i*E. 


AtoB. 


Pt.  Pinole,  8.  an*  W 

MAreId.Lt.,N.0M*E. 
I^e  Tree  Pt.,  8.  &•  S. 

Pt.  Pinole,  N.  811*  E 

Brothers  Lt.,  8.  I6»  W. 
Ut.  Tang.  Sisters,  8. 47*  W. 


AtoB. 


Pt.  Pinole,  8.  flM»E 

Brothers  Lt.,  8.  bj'W. 
Ut.  Tang.  Sisters,  8. 45i*  W. 

Brothers  Lt.,  8. 5*E 

IU.Tang.8isl«rs,N.80*  W. 
Lft.  Tang.  Marin  Ids.,  8. 
WW. 


AtoB. 


Brothers  Lt,  8. 16*  W 

Rt.  Tang.  Sifters,  8.  eu*  W. 
Lft.  Tsng.  Marin  Ids.,  8. 
48*  \V. 

MiddU  section  €f  bay. 

Rt.  Tang.  Red  Rk..  N.  43*  W 
Brothers  Lt.,  N.  if*  E. 
Southampton  Lt.,8.Gai*  £. 


AtoB 

Rt.  Tang.  Red  Rk.,  N.  14*  £ 
Brothers  Lt.,N.  5*  E. 
Southampton  Lt.,  8. 71*  E. 

Brothers  Lt.,  N.  57**  E 

Southampton  Lt.,  8. 38i*  £. 
Rt.  Tang.  Red  Rk.,  8. 66*  E. 


S53S 


6S33 


1912. 
Dec.    9 


..do.. 


..do.... 
..do...., 


1.33  p.m. 


2j06p.m. 


2.11p.m. 
2.48  p.m. 


.do.. 


6533 

6533 
5533 


6533 
6533 

6533 


Dee.  10 

...do 

...do 

...do.... 


10371 


10.80  a.m. 


11.12  a.m. 
11.67  a.  m. 


AtoB. 


6632 


6532 
5632 


6632 


.do.. 
..do 

...do.. 


.do 

.do.... 


Dec.  17 


.do.... 
•do 


.do... 


...do.. 


12.62  p.m. 
1.17  p.m. 

1.51  p.  m. 


1.67  p.  m. 
2.21  p.  m. 


12.46  p.  m. 


1.16  p.  m. 
1.38  p.m. 


2.06  p.m. 


3.09  p,m. 


Fmi. 
101 


Si 


M.,Ki. 


S.M. 


38 

80 

5i 


M.,8. 
8 


s.  M.,8h. 
....do.... 


G 


s.  M.,  6h. 
do.... 


8.,M. 


8.,M.,J 


K.,M.,Sa. 
do 
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Tempentare. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

SorL 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

Q 

Remarks. 

*F. 

•F. 

*F. 

o.p.dr... 

botm... 

Jfia. 

Mi, 

O.  p.  dr.  8  indMB 

53 

53.00 

fi'sUg 

...do.... 

overftiU. 
O.  p.  dr.  used  at  eadi 

...da... 

23 

64* 

1.16 

end,  sledke  trawl 
through   interven- 
ing distance,  1.16 
mT.     Ebb.     More 
than  filled. 
Flood.    Cable  out  20 

0.  p.  dr 

...do.... 

ftns.    Large  tub  li. 
landed. 
M.  1  foot  above  top. 

«iMn« 

...do.... 

90 

6.00 

Trips     made    with 
I^Uadini  Fish  Co. 

O.  p.  dr.  used  at  eadi 

51 

50.  SO 

cp.dr 

6'8ldg 

botm.  . 

...do.... 

1S4 

68* 

1.16 

end,  sledge  trawl 
throufdi   intervene 
ing  ^stance,   1.16 
ml.     li.  6  inchtf 
above  edge. 
Slack.    Cable  out  20 

52 

50.00 

0.  p.dr. 

0.  P.   dr.;    5' 

6'sldg 

0.  p.  dr 

.da.  . 

Ons.    No   li.    ex- 
cept on  trawl  run- 
ners. 
0.  D.  dr.  6 Inches  over 

...da... 

f£ll. 
O.  p.  dr.  used  at  each 

...da... 
...do.... 

16* 

42* 

1.25 

end,  sledJie  trawl 
throiuh   interven- 
ing ^stance,  1.26 
mi.;  6  inches  over 

tan. 

Flood.    Clean  haul. 

Gable  out  25  fms. 
FuU. 

S3 

S2.00 

do 

...do.... 

O.  p.  dr.  wed  at  each 

S'sldg 

...da... 

17 

30i- 

1.1 

end,  sledge  trawl 
through   interven- 
ing   dtetance,    1.1 
mi.;  6  inches  over 
ftiU. 
Clean  haul.     Flood. 

0.  p.  dr. 

...do.... 

Cable  out  40  fms. 

54 

53.00 

o.  p.  dr 

6'8ld£ 

botm... 

O.  p.  dr.  used  at  each 

...da... 

12 

134« 

1.0 

end,  sledge  trawl 
through   interven- 
ins  distance,  1  mi. 
oiffCaUliamiaCitj. 
Level  ftilL 
Ebb.   No  M.  taken. 

o.prdr 

...do..: 

S5 

5100 

do 

...do.... 

O.p.dr.  used  at  each 

6'«ld« 

...do.... 

14 

182* 

1.17 

end,  sledge  trawl 
through   interven- 
ing distance,   1.17 
ml.;  0  inches  over 
full. 
Ebb.    Cable  out  35 

fas. 
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U.  S.  BUREAU  OF  FIBHBBIES. 

Dredqino  and  Htdbooraphic  Records  Secubbd  in  Sa>^ 


station 
num- 
ber. 


Positioii. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


bottom. 


rof 


D.6823B 
D.5824A 


D.5824B 
D.  6825A 


D.6825B 


D.  5820A 


D.  fiSMB 

H.fi285 

H.S286 
H.fi287 
H.5288 
H.a289 

H.6290 


Middle  section  of  tey— Con. 

Brothers  Lt.,N.3<4«>E 

Bt.  Tang.  Red  Rk.,  8. 88«  E. 
Southampton  Lt.,  S.  48*  E. 

BrothersLt.,N.35*»E 

Rt.  Tang.  Red  Rk.,  N. 85«  E. 
Southampton  Lt.,  8.  61*  E. 

AtoB 

Brothers  Lt.,  N.  23i*  E 

Rt.  Tang.  Red  Rk.,  N.  69*  E, 
Southampton  Lt.,  S.  68*  E. 
Rt.Tang.RedRk..S.44*E. 
Brothers  Lt.,N.  48*  E. 
Lft.  Tang.  Marin  Id.,  N.  41* 
W. 


AtoB 

Rt.  Tang.  Red  Rk..  S.  68}*  E. 
Brothers  Lt..  N.  13*  E. 
Lft.  Tang.  Marin  Id.,  N.  36* 

W. 
Rt.  Tang.  Angel  Id.,  S.  60}* 

W. 
Southampton  Lt . ,  N.  79}*  E . 
Lft.  Tang.  Angel  Id.,  S.  6*  W. 

AtoB 


Rt.  Tang.Angel  Id..  N.  75*  W. 
Southampton  Lt..  N.  7*  E. 
Lft.  Tang.  Angel  Id.,  S.  43}* 

W. 
Rt.  Tang.  Red  Rk.  N.  30*  E . 
Southampton  Lt.,  S.  45}*  E. 
Bluff  Pt.,  S.  1*  E. 

AtoB 

Rt.  Tang.  Red  Rk.,  N.  8*  W. 
Southampton  Lt.,  S.  52*  E. 
Bluff  Pt.,S.  38*  W. 

Vpper  teetion  ofboiff. 

Brothers  Lt.,  S.  9}*  E 

Lft.  Tang.  Sisters,  N.  27*  W. 
Lft.  Tang.  Marin  Ids.,  S.  59* 

W. 

Brothers  Lt.,S.  23*  W 

Rt.  Tang.  Sisters.  S.  67}*  W. 
Pinole^.,  N.  71}*  E. 

Brothers  Lt.,  8.81*  W 

Pinole  Pt.,S.  75*  E. 

Rt.  Tang.  Sisters,  S.  54*  W. 

Lone  Tree  Pt.,  8. 83*  E 

Pinole  Pt.,S.  35*  W. 
Mai«Id.  Lt.,N.65*E. 

Lone  Tree  Pt.,  8. 31*  E 

Pinole  Pt.,  8. 60}*  W. 
MareId.Lt.,N.64*E. 

MareId.Lt.,N.33*W 

CarqulneE  Lt.,  N.  68*  E. 
Lft.  Tang.  Crockett  Whf.,  S. 

72*  B. 


C,S, 


5532 


5532 
5532 

5532 


5532 
5532 


6532 


5532 


5532 


5532 
5532 


5533 
5533 
5533 
5533 
6533 


1012. 
Deo.  17 


...do..., 


..do 

..do 

Dec.  18 


...do.. 
...do.. 

...do 

...do.. 

...do 

...do.... 

...do..... 
...do 


1013. 
Jan.   13 


.do.... 
.do.... 
.do.... 
.do.... 
.do 


2.28  p.m. 
3.14  p.m. 

8.19  p.m. 
3JBp.m. 

10«08  a.  m. 


10.07  a.  m. 
10.29  a.  m. 


10.66  a.  m. 


11.01  a.  m. 


11.85  a.  m. 


12.44  p.m. 


12.55  p.  m. 
1.16  p.m. 


9.53  a.  m. 

10.28  a.m. 
11.01  a.  m. 
11.44  a.m. 
12.39  p.m. 
1.14  p.m. 


FtM. 

6 


M 

M.,Bh. 


10} 
12} 


M.,ah. 

«y.M.. 


Sh.,8. 


8} 


12} 
7 


8.,8h. 


12} 

7 
»} 
6 
6! 

»} 


do. 

do. 

do. 

8 

M 
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T^peratore. 

Salinity. 

Appaiatos. 

Trial. 

Drift. 

1 

1 

Surf. 

Botm. 

Deptb. 

Dura- 
tion. 

DirecUon. 

1 

Remarks. 

•F. 

*F. 

•F. 

o.p.dr 

do 

botm.  . 

Min. 

m. 

i^thfT   mon^   than 

54 

SLOO 

...do.... 

level  full. 

S'sldg 

...^0.... 

10 

Ifl3* 

0.8 

end,  sledge  trawl 
through  InterTen- 
ing    distance.    0.8 
mi.   Level  full. 
Black.   Cable  out  30 

o.p.dr 

...do.... 

fms.;ifullM. 
Miifth  morn  than  Aill. 

» 

53.00 

do 

5'Bldg 

...do.... 
...do.... 

m 

150' 

1.10 

O.p.dr.  used  at  each 
end,  sledge  trawl 
throueh  interven- 
ing distance,  1.16 
ml.;  6-8  inches 
above  edge. 

Ebb.    CabTe  out  40 

83 

53.00 

o.p.dr 

...do.... 

fms. 
Level  full. 

do 

...do.... 

O.p.dr.  used  ateadi 

5'sldg 

o.p.dr 

...do.... 
...do.... 

15 

143"' 

1.1 

end,  sledge  trawl 
through  interven- 
ing   distance.   1.1 
mi.    Level  full. 
Ebb.    Cable  out  30 

fms.    Landed 
wrong    side     up. 
Full  6. 

57 

53.00 

do 

...do.... 

.... . 

O.p.dr.  used  ateaiA 

5'8ldg 

...do.... 

15 

142» 

X.2 

end,  sledge  trawl 
throuzh  interven- 
ing  distance,    1.2 
ml.;  2/3  full. 
Ebb.    Cable  out  25 

o.p.dr 

...do..,. 

fms. 
Level  full. 

48 

50 
50 
51 
51 
S3 

44.83 

44.83 
44.73 
43L73 
43.23 
42.73 

45.43 

44.08 
44.83 

44.18 
43.08 
42L06 

24.30 

23.08 
2168 
18.50 
14.45 
1400 

25.31 

24.30 
22.90 
22.83 
20.12 
15.02 

Ek.bot.jTm-. 
C9e.;4'inter.; 
#12,  #20;  Alb. 

...T/o. 

do 

do 

do 

do 

surf, 
and 
botm. 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

10 

10 
10 

m 

10 
10 

Against 
tide. 

...do 

...do 



Net  towed  3  min. 
Ebb. 

Ebb. 

Net  towed  3^  mfn. 
Ebb. 

Net  towed  3   min. 
Ebb. 

N^towed  3i  min. 
Bbb.    Net  towed  3 

...do 

...do 

...do 





8572"— 21- 


Digitized  by 


Google 


66 


U.   S.   BUREAU  OF  FISHERIES. 

Dredoino  and  Htdrooraphic  Hecords  Secured  in  San 


station 
num- 
ber. 


Position. 


I 


Shart. 

Date. 

C.8. 
5633 

1918. 
Jan.  13 

5533 

...do 

5533 

...do 

5533 

...do 

5533 

...do 

5533 

...do 

5532 

Jan.  20 

5.'n2 

...do 

5532 

...do 

5532 

...do 

5532 
5532 

...do 

...do..... 

5532 

...do 

5532 

...do 

5532 

...do 

5532 

...do..... 

Time  of 
day. 


Depth. 


Character  of 
bottom. 


H.520i 

H.5202 

H.5283 
H.5294 
H.52a5 
H.5296 

D.5827A 


D.5827B 
D.  5828A 


D.  5828B 


D.5829A 


D.5829B 
H.5207 


Upper  teetkm  of  bay— Con. 

Carquines  Lt.,  N.  43*  W 

Lft.  Tang.  Crockett  Whf.,  8. 

Ago  p> 

Rt.  Tang.  Selby  Whf.,  S.  42* 

W. 
Carquine*  Lt.,  N.  43*  W.. . . 
Lft. Tang.  Crockett  Whf.,  8. 

(W*  E 
Rt.  Tang.  8elby  Whf.,  8. 45* 

W. 

lA  'E 

Pi 

Ml  E. 

Lc  rE.... 

PI  K 

Ml  'E. 

Bi  yr 

PI 

Rt  3J*  W. 

Bi  ^ 

Rt  «•  W. 

Pi  :. 

MiddUuetkmo/bay. 

Lime  Pt.  Lt.,  N.  8U*  W. .. . 
Alcatrac  Lt.,  N.  8M^  E. 
Angelld.  Lt.,  N.  lU*  E. 

AtoB 

LimePt.  Lt.,  N.89*W 

Alcatraz  Lt.,  N.  764*  E. 
Angel  Id.  Lt.,  N.  18*  W. 
Southampton  Lt.,  N.  3*  E. . , 
Alcatra»Lt.,8.32**W. 
Lft.   Tang.   Angel  Id.,   N. 
87*  W. 

AtoB 

Southampton  Lt.,  N.  28*  E. 
Rt.  Tang.  Angel  Id.,  N.  76* 

W. 
Lft.  Tang.  Angel  Id.,  S.  25^* 

AngelId.Lt.,N.18*E 

Alcatraz  Lt.,  S.  48^*  E. 
LimePt.Lt.,8.53*W. 

AtoB 

Angelld.  Lt.,  N.38*E 

Alcatras  Lt.,  8.  78}*  E. 
LlmePt.  Lt.,8.»*W. 

Angelld.  Lt.,  N.  7*  E 

Alcatrat  Lt.,  S.  51*  E. 
LimePt.  Lt.,8.flOJ*W. 


1.38  p.m. 

1.48  p.m. 

2.31p.m. 
3.00  p.  m. 
3.54  p.  m. 
4.28  p.  m. 

0.10  a.m. 

9.33  a.  m. 


9.52  a.  m. 
10.18  a.  m. 


10.27  a.  m. 
10.47  a.  m. 


11.40  a.m. 


11.40  a.  m. 
12.09  p.  m. 
12.51  p.  m. 


Fnu. 
12 


12 


lOi 


m 


lOJ 


m.  8. 


....do 


.do., 
.do.. 


8.,Sli.,G. 


8.,Q.. 
M.,8. 


M.,8.,Sh. 


).,  ftie.G.,8h.. 


1^^» 
10 


8.,  tne.,  O.,  Sh. 
m.S 
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TemperatUTp. 


Salinity. 


Surf. 


Botm. 


Apparatus. 


Trial. 


Depth. 


Dura- 
tian. 


Drift. 


Direction. 


Remarks. 


53 

I 


42L7343.43 


53  42.7343.43 


52  43. 
52  43.83 
51  44.83 
51  4&53 


I 


48  4aoo.... 


I    I 


48  4L00 

I    ! 

,48  4a  00 


93 
44.78 
4&58 
45.93 


48  ;4aoo,. 


saoo 


saoo 

47.7347.93 


12.28 

12.67 

15.23 
1&41 
•24.13 
27.72 


17.20 

17.40 

20.43 
22.74 
26.02 
24.30 


Ek.  bot.;  Tnr. 
C9e.,4'inter.; 
#12,jf20;Alb. 
smp. 

Ek.  bot.;  Tnr. 
cse.;4'inter.; 
#12,  #20. 


....do 


surf, 
and 
botm. 


...do.. 


..do.... 


10 


Against 
&de. 


M'. 


15     ...do.. 


— do ...do. 


.do 

.do 


o.p.dr. 


5'sldg. 


o.p.dr. 
....do.. 


...do.. 
...do.. 


16 
14 
10 


botm., 


..do... 


14 


.do., 
.do.. 


fi'sldg.. 
o.p.dr. 


.do. 


5'sldg.. 
o.p.dr. 


2&97 


29.82 


Alb.  smp.; 
Ek.  bot.; 
Tnr.  cse.;  4' 
Inter.;  #12, 
#30. 


.do.... 
.do. 


27 


.do.. 


.do., 
.do.. 


10 


surf, 
and 
botm. 


...do 

...do 

...do 

...do 


81* 


1.06 


340\, 


1.07 


332i*. 


1.06 


Against 


Igaii 
fide. 


Ebb. 


Flood.   Net  towed 5 
min. 


Flood.    Net  towed  3 
min. 

Do. 


Flood.    Net  towed  4 
min. 

Flood.    Net  towed  2 
min. 


O.p.dr.  used  at  each 
end,  sledge  trawl 
through  interven- 
ing distance,  1.06 
ml.  Flood.  Cable 
out40rms. 

"A"  includes  two 
dips  with  o.  p.  dr. 
Neither  gave  full 
load.  Net  of  trawl 
almast  completely 
ripped  from  irame. 
Contents  caught  in 
folds  saved.  At 
"B"o.T).dr.more 
than  full. 

More  than  level  full. 


O.  p.  dr.  used  at  each 
end,  sledge  trawl 
through  interven- 
ing distance,  1.07 
ml.  Ebb-  O.  p. 
dr.  more  than  ftill. 

Cable  out  30  fms. 

O.  p.  dr.  8-10  ins. 
over  full. 


O.  p.  dr.  used  at  each 
end,  sledge  trawl 
through  interven- 
ing distance,  1.06 
ml.  Ebb.  O.  p. 
dr.,  3  dips;  last,  1 
full,  only  lot  sifted. 

Cable  out  30  fms. 
Coaster  meager 
haul. 

O.  p.  dr.  practically 
empty,  nothing 
saved. 

Ebb. 
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U.  S*  BUREAU  OF  FISHERIES, 
Dbedging  and  HYDRoaaAPmc  Records  Sbcubbd  in  San 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

H.5298 

Middle  tedion  of  bay-Con. 

Alcatra«Lt.,S.3()**w! 
Blunt  Pt.,  N.  61*  W. 

as. 

6632 

1913. 
Jan.   20 

lJ»p.m. 

20i 

m.  S 

H.5299 

Rt.  Tang.  Angel  Id.,  N.  81i* 

Lft.  Tang.  Angel  Id.,  S.  41* 

Southampton  Lt.,  8. 57*  E . . . 
Rt.  Tang.  Red  Rk.,  N.  15J* 

W. 
Lft.  Tang.  Angel  Id^  8. 16*  W. 
Southampton  Lt.,S.71*  E... 
Bluff  Ft.,  8.49**  W. 
Rt.  Tang.  Red  ftk.,  N.  4*  W. 
Southampton  Lt.,S.61*  E... 
BluffPt.;8.1U*W. 
Rt.  Tang.  Red  ftk..  N.  64*  E. 
Southampton  Lt.^.  49«^E . . . 
Bluff  Ft.,  S.134*E. 
Lft.  Tang.  Red  Rk.,  N.  44*  E. 

6532 

...do 

2.2ft  p.m. 

X5i 

.....do 

H.5300 

6532 

...do 

2.50  p.  m. 

7 

do 

H.5301 
H.5302 
H.5303 

6S32 
5632 
5532 

...do 

...do 

...do 

3.27  p.  m. 
4.03  p.  m. 
4.33  p.  m. 

10 
10 
7 

do, 

m.8 

H.5304 

Brothers  Lt.,  N.  18*  E 

Southampton  Lt..  8.  36*  E. 
Lft.  Tang.  Red  Rk.,8.70*  E. 

5532 

...do 

6.03  p.  m. 

7 

M 

D.6830A 

Alcatraz  Lt,  S.  7»*  W 

Southampton  Lt.,N.4*  W. 
Rt.  Tang.  Goat  Id.,  S.  41^*  £. 
A  to  B 

5532 

6532 
6532 

Ian.   21 

...do 

...do 

9.40  a.m. 

9.46  a.m. 
10.00  a.m. 

11 

8 , 

D.  5830B 

Alcatrai  Lt.,  W 

Si 

8.,  M 

Southampton  Lt.,  N.  14*  W. 
Rt.  Tang.  Goat  Id.,  8. 27*  E. 

Lower  Mcnon  of  OBy. 

D.6831 

Ferry  Bldg.,  N.  88*  E 

Goat  Id.  Lt.,  N.  43**  E. 
Rt.  Tang.  Mission  Rk.,  8. 
15*  W 

5532 

Jan.  -21 

10.22  a.  m. 

13 

M..  8..  8h. 

H.5305 

Goat  Id.  Lt.,  N.  20*  E 

Ferry  Bldg.,  N.  72*  W. 
Rt.  Tang.  Mission  Rk.,  8. 
31i*  W. 

5531 

...do..... 

11.34  a.  m. 

12i 

B..  M 

H.5306 

Goat  Id.  Lt.,  N.  16i*  W 

Ferry  Bldg..  N.  53' W. 
Rt.  Tang.  Missian  Rk.,  N 
79*  wf 

Goat  Id.  Lt.,  N.  13*  W 

ShagRk.,  8.  OOJ*  W. 
San  Bruno  Lt.,  8. 16*  W. 

ShagRk.,  N.  65*  W 

SanBruno  Lt.,  8. 17*  W. 
Candlestick  Ft.,  N.  78*  W. 
ShagRk.,  N.38*  W 

6531 

6531 
6531 
5531 
5531 
5531 

...do..... 

...do 

...do 

...do 

...do 

...do..... 

12.17  p.  m. 

1.01  p.  m. 
1.32  p.m. 
2.09  p.m. 
2  82  p.m. 
2  55n.m. 

8 

9 
7J 
*l 
41 

5 

M 

H.6307 
H.5308 
H.5309 

do 

1 

- 1 

....do        

H.5810 

SanBruno  Lt.,  8. 43*  W. 
No.2Beacon,S.27J*E. 
8bagRk.,N.d4*W 

do ' 

H.5311 

SMiBrunoLt.,8.64*W. 
No.  2  Beacon,  8. 29*  E. 
ShagRk.,  n781*W 

.....do 

SanBruno  Lt.,W. 
No.2B6acon,B.80i*E. 
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Tempentore. 


<      CO 


SaUnity. 


Surf. 


Botxn. 


Apparatus. 


Trial. 


Depth. 


Dura- 
tion. 


Drift. 


Direction. 


Remarks. 


63  47. 


83r4& 


58 


47.C3|47.78 


47.2347.83 


47.  OT  47. 18 


40.73 


52  46.23 


50 


47.08 
40. 8S 


44. 13  40. 6S 


47  saoo 


48  JaO) 


1  48  17.23 


44  47.7347.78 


40.8347. 


46.03 
45.83 


20.00 
28.50 

20.31 

20.78 
24.30 
17.40 

17.86 


30.74 
28.50 

28.72 

20.32 
25.31 
22.90 

22.83 


Alb.  smp.: 
Ek.  bot.: 
Tnr.  cse.  r 
inter.;    #12, 

do 


do 

do 

do 

do 

do 


48.18 


06 
40.08 
45.93 


45.8346. 93 


4&73|4&93 


2&02 

2&02 

27.87 
27.79 
2&20 
28L40 
28.84 


30.50 

29150 

27.87 
27.94 
28.49 
2&50 
29.08 


s  urf. 
and 
botm. 


..do... 

..do... 

.-do.... 
...do... 
..do... 

..do.... 


Mln. 
22| 


Against 
tide. 


Mi. 


9     ...do 


.do.... 


10 
7 
9 

7i 


o.p.  dr. 


botm.. 


S'sldff.. 
o.  p.  dr.- 


..do.. 
..do.. 


10 


o.  p.  dr. . . 


Alb.  smp.; 

Ek.  bot.; 

Tnr.  cae.;  4' 

inter.;    #12, 

#20. 
do 


....do. 
....do.. 
....do.. 
....do.. 
do.. 


botm.. 


surf, 
and 
botm, 


...do.. 

...do. 

...do.... 

...do... 

...do.... 

...do.... 


10 

II 

10 

10 

10} 

10 


Ebb. 


...do 

...do 

...do 

...do. 


117r 


0.05 


Single 
spot. 


Against 
tide. 

...do 

...do.... 
...do.... 
...do.... 
...do.... 
...do 


I 


Do. 

Do. 

Do. 
Do. 


Ebb.  Tide  slacked 
suddenly  for  a  few 
minutes;  4'  inter, 
touched  botm. 

Ebb.  O.  p.  dr.  used 
at  each  end,  sledge 
trawl  through  in* 
tervening  distance, 
0.05  mi. 

O.  p.  dr.,  two  dips 
amegated  1  bucket 
fun.    Flood. 

Flood.  O.  p.  dr.  10- 
12  ins.  more  than 
full.  Undoubtedly 
one  of  the  richest 
spots  in  the  bay 
in  respect  to  total 
number  of  living 
organisms. 


Flood.  O.  p.  dr. 
much  more  than 
full.  One  of  series 
of  three  in  Berke- 
ley ferry  track. 
Verv  little  life,  in 
marked  contrast  to 
last  station. 

Ebb. 


Da 

Da 
Da 
Da 
Da 
Da 
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U.  S.  BUBEAU  OF  FISHERIES. 

D&BDGINO  AND  HtDROOBAFHIG  RbCORDS  SbGURBD  IN  SaN 


Station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

Lower  teetion  0/ bay— Con. 

C,8, 

1913. 

Fvu, 

H.6312 

No.  2  Beacon,  8. 82**  E 

San  Bruno  Lt.,N.  69*  W. 

5531 

Jan.    21 

3.20  p.  m. 

5 

M 

Ban  Mateo  Pt.,  8. 13*  W. 

D.5882 

Goat  Id.  Lt.,  N.  19**  W 

FerryBldg.,8.81*V. 
Rt.  T^.  Mission  Rk.,  8. 

5681 

Jan.  27 

H 

B.,  M 

•^•f  ^•••. »•-••••••• 

30*  W. 

H.6313 

No.  2  Beacon,  8. 89*  E 

San  Bruno  Lt.,  N.  62*  W. 

5681 

...do 

12.17  p.m. 

H 

M 

1 

San  Mateo  Pt.,  8. 10*  W. 

H.5314 

Shae  Rk..  N.  82*  W 

5531 

...do 

12.48  p.m. 

H 

do 

SanBrunoLt.,  W. 
No.  2  Beacon,  S.  294*  E. 
Shas  Rk.,  N.  85*  W 

H.6316 

5531 

...do 

1.11  p.  m. 

H 

do 

SanBrunoLt.,  8. 66*  W. 

No.  2  Beacon,  8.  ^*E. 

8hagRk.,N.39*W 

SanBrunoLt.,  8. 454*  W. 
No.  2  Beacon,  8. 27*  E. 

H.fi3l6 

5531 

...do 

1.33^  p.m. 

6 

do 

H.6317 

Sbag_Rk.,N.50i*W 

8anBrunoLt7B.184*W. 
Candlestick  Pt.,  N.  7^4*  W. 

5531 

...do 

2.02  p.  m. 

6 

do 

1 

H.fi318 

a<-*T^   T>    Ta'ig^w 

81                          ¥. 

Sg                          ,  19*  W. 

5531 

...do 

2.88  p.  m. 

7 

do 

H.5ai9 

0(                          8*W 

F<                          J*  W. 

R                          n  Rk.,  8. 

5631 

...do..... 

3.06  p.m. 

9k 

do 

H.5320 

0(                          *E 

F<                        r*  W. 

Ri                          n  Rk.,  8. 

5531 

...do 

3.44  p.  nu 

13 

m.8 

D.6883 

oi                          8*W 

5631 

...do 

4.17  p.m. 

«i 

8.,  Sh 

r<                       i*  W. 

R]                          n  Rk.,  S. 

MUdUHCiionofhav. 

H.5321 

Brothers  Lt.,  N.  20*  E 

Southampton  Lt.,  8. 874*  E. 
Lft.  Tang.  Red  Rk.,  8.  TB"  E. 

5632 

Jan.   28 

2.11  p.  m. 

8 

M 

H.5322 

Southampton  Lt^  8. 49*  E . . 
Bluff  Pt.,  8. 18*  E. 

5532 

...do 

2.38  p.  m. 

6i 

m.8 

Lft.  Tang.  Red  Rk..  N.  60*  E. 
Southampton  Lt^S.  68*  E... 
Bluff  Pt.r8. 11*  W. 

H.5323 

5532 

...do 

3.02  p.  m. 

n 

M 

Rt.Tang.RedRk.,N.5*E. 
Southampton  Lt^  8. 70*  E . . 
BluffPt.,8.40*W. 

H.6324 

5532 

...do 

3.24  p.m. 

10 

do 

Rt.  Tang.  Red  Rk.,  N.  34*  W. 
Southampton  Lt..  N.  wj*  E . 
Rt.  Tang.  Angel  Id.,  S.  60}* 

W. 
Lft.  Tang.  Angel  Id.,  8. 14* 

Southampton  Lt^  8. 20*  E... 
Rt.  Tang.  Angel  Id.,  N.  69J* 

Lft.  Tang.  Angel  Id.,  8. 35* 

Soutiiampton  Lt..  N.  9*  E... 
Alcatras  Lt..  8.  »4*  £. 
Blunt  Pt..  N.  65*  W. 

H.6326 

5532 

...do 

3.46  p.  m. 

7 

m.8 

H.5326 

5532 

...do 

4.06  p.  m. 

13 

do 

H.6327 

5532 

...do 

4.29  p.m. 

19 

hrd.H 

H.5328 

AngelId.tt.,N.6*E 

AlcatniEU.,8.47*E. 

5532 

...do 

5.00  p.m. 

10 

hnLS 

Lime  Pt.  Lt.,  8.  57**  W. 

Digitized  by 


Google 


DREDGING  AND  HYDROGRAFHIC  RECORDS. 
Franoboo  Bat,  Gaut.,  1012-13,  and  Marcb,  1914r— Continued. 


71 


TempeiBtore. 

SaUnlty. 

Apparatus. 

Trial. 

Drift. 

u 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direotian. 

1 

BemarkB. 

< 

a 

fl 

f 

'F. 

48 

4&73 

46.88 

38.37 

29.18 

Alb.  smp.;  Ek. 
bot.;Tnr.08e.; 
4'  inter.;  #12, 
#20. 

surf, 
and 
botm. 

Afln. 

10 

^&3i."* 



Ebb. 

1 

4A.68 
46w93 

28.  £6 
28.33 

28.84 
28.49 

o.p.dr 

AIb.smp.;£k. 

bot.;  4'  in. 

ter.;#12,<ao; 

Tnr.cse.;Pr. 

m. 
do 

botm... 

Ebb.  2  dlpe  eacfa 
nUbet  mora  than 
half  fulL  SeSS 
or  series  of  three  in 

_  Ferry  track. 

Flood,  0.75  knot  per 
hr. 

Flood,  0.90  knot  per 
hr. 

Flood,  1.03  knots  per 
hr. 

S3 

67 

4fi.63 
46.98 

surf, 
and 

...do.... 

18 
12 

Against 
tide. 

...do 

68 

47.03 

51.08 

28.02 

27.94 

do 

...do.... 

11 

...do 

66 

47.58 

47.43 

27.33 

27.40 

do 

...do.... 

11 

...do 

Flood. 

M 

47.83 

47.33 

36.62 

27.01 

do 

...do.... 

11 

...do 



Flood,  1.52  knots  per 
hr. 

6S 

47.fl8 

47.18 

2fiw65 

26.94 

do 

...do.... 

11 

...do 

Flood,  1.70  knots  per 
hr. 

66 

47.73 

47.78 

36.10 

26.73 

do 

...do.... 

12 

...do 



Flood,  0.78  knot  per 
hr. 

64 

4&28 

4&88 

96.80 

28.33 

do 

...do.... 

11 

...do 

Flood,  0.74  knot  per 

63 

4&00 

o.p.dr 

botm... 

hr. 

Flood.     0.    p.    dr. 
considerably  more 
ttjan     half     fuU. 
Third  of  series  in 
Ferry  track. 

47.08 

47.38 
47.53 

1A.38 
14.91 

2L60 
23.29 

Alb.  smp.;  Ek. 

bot.;  4'  m- 

ter.;#12,^; 

Tnr.cse.;Pr. 

m. 
do 

surf, 
and 
botm. 

...do.... 

4 
14* 

...do 

Flood,  0.65  knot  per 
hr.    Towed  4  min. 

Flood,  0.21  knot  per 
hr.   Towed  3  min. 

65 

47.« 

48. 38 

18L03 

27.10 

do 

«.do.... 

13i 

...do 



Flood,  0.18  knot  per 
hr.   Towed  3  min. 

56 

47.n 

4&33 

3fiw85 

27.13 

do 

...do.... 

10 

...do 

Flood,  0.61  knot  per 
hr. 

66 

*^» 

48.43 

19166 

2&11 

do 

»..do.... 

15 

...do 

Flood,  0.79  knot  per 
hr.   Towed  5  min. 

66 

a.u 

4&88 

36.70 

28.65 

do 

•..do.... 

10 

...do 

hr. 

BSL6 

u.a 

4&98 

36L63 

29.50 

do 

...do.... 

10 

...do 

Flood. 

60 

ttlTS 

r 

4a« 

3Ql04 

29.96 

do 

...do.... 

m 

...do 

Flood,  1.06  knots  per 
hr. 

Digitized  by 


Google 


72 


U.   S.   BUREAU  OF  FISHERIES. 

DSEDOING  AND  HtDROO&APHIC  RECORDS  SkCURBD  IN  SiLK 


Station 
num- 
ber. 


Fodtiaa. 


Chart. 


Date. 


Time  of 
day. 


D^th. 


Character  of 
bottom. 


Lower  section  of  bap. 


D.6834 

D.5835 
D.583d 
D.5837 
D.5838 
D.5839 
D.5S40 
D.5S41 


GoatId.Lt.,N.  15J»W.... 
Rt.  Tang.  Mission  Rk.,  N. 

Ferry  Bldg.,  N.  W  W. 


•W. 


Ooat  Id.  Lt.,  N. 
ShagRk.,N.58»- w. 
San  Bruno  Lt.,  8. 21»  W. 

No.  2  Beacon,  S,  SU*  E 

San  Bruno  Lt.,  S.  «)*•  W. 
Candlestick  Pt^  N.  44*  W. 

No.  2  Beacon,  8.  35'  E 

San  Bruno  Lt.,  N.  68'  W. 
San  Mateo  Pt.,  8. 9"  W. 
San  Bruno  Pt.,  N.  89«  W. . . 

-on,  8. 32*  E. 

N.  30»  W. 

N.36'W 

»Lt.,8.45«W. 

on,  S.  28'  E. 

it.,N.  154"W.... 

8.  60*»  W. 

►  Lt.,  8.  !%•  W. 

,t.,N.  WE 

»iUssionRk.,8.34' 


Nr 
St 
St 
Sa 

N( 

o< 

St 
Sfl 
0< 
R1 

W 
Ferry  Bldg.,  N.  78»  W. 


Middle  section  of  bay. 

Between  Angel  Id.  and  Sau- 

salito. 
....do. 


....do 

....do 

Fort  Baker  Beach. 


Between  Angel  Id.  and  Sau- 

salito. 
Angel  Id.,  Raccoon  8tr 


D.5842 
D.5843 
D.5844 
D.5846 
D.6846 


Between  Angel  Id.  and  Sau- 

salito. 
Angel  Id.,  near  Blunt  Pt 

Between  Angel  Id.  and  Sau- 

salito. 
Sausalito;  Fisherman's  Beach 


MileRk.  Lt.,S.  61»W... 
Bonita  Pt.  Lt..  N.  57*  W. 
Fort  Pt.  Lt.,  N.  69*  E. 
MlleRk.  Lt.,S.3rE.... 
Bonita  Pt.Lt.,N.  43"  W. 
Fort  Pt.  Lt.,  N.  65*  E. 
MileRk.  Lt.,S.23»E.... 
Bonita  Pt.Lt.,N.  44"  W. 
Fort  Pt.  Lt^  N.  8U'  E. 
Bonita  Pt.  Lt..  N.  W  W. . . . 
Lime  Pt.  Lt.,  N.  45*  E. 
FortPt.Lt^N.81"E. 
Bonite  Pt.  Lt.,  N.  89*  W. . . . 
Lime  Pt.  Lt.,  N.  45**  E. 
Fort  Pt.  Lt.,  8. 73i»  E. 


Between  Angel  Id.  and  Sau- 

saUto. 
Fort  Baker  Beach 


C.S. 
5S31 


5531 
5631 
6681 
5631 
5631 
5531 
5631 


5532 
5632 
5632 
5632 


1913. 
Feb.  3 


..do.... 

..do..... 

..do..... 

..do.. 

..do.. 

..do 

..do 

Feb.  8 


Feb. 
Mar. 
Mar. 
Mar. 

Mar. 

Mar. 
Mar. 
Mar. 
Mar. 
Apr. 
Apr. 

..do.., 

..do.., 

..do.. 

..do.. 


Apr.  14 
Apr.  18 


10.06  a.  m. 

10L38a.m. 
11.04  a.  m. 
11.23  a.  m. 
11.39  a.  m. 
11.64  a.  m. 
12.23  p.  m. 
12.48  p.m. 

9.16  a.  m. 

8.60  a.  m. 
9.16  a.m. 


2.00  p.  m. 
9.30  a.  m. 
9.00  a.  m. 
930  a.  m. 
2.00  p.  m. 
9.36  a.  m. 
9.00  a.  m. 
10.00  a.  m. 

10.40  a.  m. 

11.10  a.  m. 

11.39  a.  m. 

12.10  p.  m. 


10.00  a.  m. 
9.00  a.  m. 


Fms. 
11 


6 

H 
H 

12 


m.  S.,  Sh. 


s.M.,8h. 


....do... 
....do... 


M.,Sh. 


8.,  M.,Sh. 


M.,  E.  G. 


0 
3 
26 
28 

26 
27 

22 
81 

88 
49 

45 

60 


8 

8h.,8t. 


do.. 

do.. 

do.. 

do.. 
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Tempentare. 

Salinity. 

Apparatus. 

Trial 

Drift. 

< 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Directian. 

1 

Rflmarks. 

*F. 

17 

47.5 

18 

51 

62 

53 

•P. 
IOlOO 

40.00 
4BlOO 
40.00 
40.50 

mm 

'F. 

o.p.dr 

do 

botm... 

Min. 

Single  spot 
...do 

Mi. 

Flood.  4  incliee  over 

...do.... 

l^eSftriL 

Slig^y  fuller  than 
preceding.    Flood. 

6-8  inches  over  level 

do 

do   .. 

...do 

do 

do. 

...do.... 

...do.... 

...do.... 

.do 

...do 

full.    Flood. 
Flood.      Over      8 

...do 

inches  more  than 
level  full. 
Flood .  12  inches  over 

do 

...do 

level  full. 
Ebb,  8  inches  over 

EB.55aOO 
67   stLoa 

.....do.. 

...do 

• 

level  full. 
Ebb,  10  indies  over 

do 

...do.... 

...do 

level  full. 
Ebb,  i  full. 

4'  inter.;  #12, 

#20. 
do 

surf.... 
...do.... 

20 

20 
20 
20 
150 

20 
120 

20 
120 

20 

120 

0 

4 

4 

5 
3 

20 
00 

Against 

tide. 
...do 

1 

' 

do 

do 

350'setDe.. 

...do.... 
...do.... 
..do  . 

...do 

1 

...do 

1 

3  hauls. 

1 

4'  inter.;  #12, 
250' seine.. 

...do.... 
.do 

Against 
tide. 

2  hauls. 

4'  Inter.;  #12, 
250' seine.. 

...do.... 
...do 

Against 
fide. 

3  hauls. 

4'  Inter.;  #12, 
2^Mlne 

...do.... 
...da 

Agrinst 
fide. 

Do. 

66 
66 
64 

oys.  dr.  witli- 
outlining. 

do 

botm... 
...do.... 

«• 

40» 

«>• 

4»* 

71* 

0.63 
.30 
.53 
.5 
.53 

Oable  out   75  fma. 

Flood. 
Do. 

do 

...do.... 

Flood.   Oable  out  85 

do 

...do.... 

fms. 
Flood.  Gable  out  125 

do 

...do.... 

fms. 
Flood.  Gable  out  125 

4' to*..:  #«. 
250'taliie 

wart.... 

fms.     Ghain    bag 
torn     in     several 
places  and  all  but 
4  teeth  of  dr.  car- 
ried away. 

2  hauls. 

' 
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U.  S.  BTTKEAtT  OF  FISHERIES. 

Dbbdoiko  and  Htdrooraphic  Records  Sbcttked  in  San 


station 
num- 
ber. 


D.6847A 


D.5647B 
D.fi84SA 


D.  6848B 
D.  5840A 


D.6849B 


Position. 


Middle  section  cf  boft—Caa. 

Between  Ansel  Id.  and  Sau- 
sallto. 


Lower  teetUm  of  honf/. 

Beacon  No.  4,  8.  80|*  E 

Beacon  No.  3,  8. 62'  £. 
BeaoanNo.l,8.U|*W. 

AtoB 

Beacon  No.  4,  8.35*  W 

Beacon  No.  1,  8. 22}*  E. 
Beacon  No.  3,  8. 59*  E. 
Beacon  No.  2^.  724»  W. . . 
Little  Coyote  KnoU,  8. 67*  W. 
Beacon  No.  4,  8. 50)*  E. 


11.5329 


AtoB 

Beacon  No.  2^8.  75*  W 

LittleCoyoteKnoll.S.  11*  W. 
Beacon  No.  4,8. 521  ^E. 

Beacon  No.  2,8.^*  E , 

Ft.  San  Mateo,  8.63*  W. 
San  Bruno  Lt,  N.  55}*  W. 

AtoB 

Beacon  No.  2, 8. 30*  E 

Pt.  San  Mateo,  8. 87*  W. 
San  Bruno  Lt.,N.60*  W. 

MmUHdkQ%f4\M9, 

Between  Angel  Id.  and  Sau- 

sallto. 
Tiburon,  Raccoon  Strait 


Angel  Id.  near  Blunt  Pt 

Between  Angel  Id.  and  Sau- 
salito. 

do 

Fort  Baker  Beach 


Between  Angel  Id.  and  Sau- 
sallto. 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


LlmePt.  Lt.,S.  72*W. 
Alcatraa  Lt.,  8.  78*  E. 
Pt.  Knox,  N.  39*  E. 


.do. 

.do. 

.do., 
.do.. 


Chart. 


C.3, 


5631 


5581 
5531 


5531 


5631 
5531 


5531 


5531 
5631 


Date. 


5532 


6532 


5532 
5532 


1918. 
Apr.  19 


Apr.  22 


..do.. 
..do 


..do.... 


.do.... 
.do..,. 


..do 


.do... 
.do 


Apr.  26 
Apr.  29 
May  5 
..do..... 


Time  of 
day. 


May 

MaSr 

12 
13 

May 

19 

May  26 
June    2 
June    9 
June  16 
June  23 
July    2 
July    7 

July 

18 

...do.. 

... 

...do.. 

... 

...do.. 

... 

...do.. 

9.00  a.  m. 


11.00  a.  m. 


11.10  a.m. 
11.49  a.m. 


12.47  p.  m. 


12.55  p.m. 
1.41p.m. 


2.00  p.m. 


2.14  p.m. 
2.80  p.m. 


9.30  a.m. 

2L00p.m. 

0.00  a.m. 

1.15  p.  m. 

9.00  a.m. 
2.00  p.m. 

0.30  a.m. 


Depth. 


1.80  p.  m. 
10.00  a.  m. 

9.30  a.m. 

9.80  a.m. 

9.30  a.  m. 
11.30  a.m. 

9.30  a.  m. 

7.00  a.  m. 


SjOOa.  UL 

9U)0a.m. 

10.00  a.  m. 
11.00  a.  m. 


Fjm. 


Character  of 
bottom. 


10 


8h.y  m.  8.. 
M 


M.,  Sh.,  O. 
M 


28 

28 

28 

28 
28 


rky.S.. 


..do.. 


...do.. 

do... 

..do... 
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Temperature. 

Salinity. 

Apparatos. 

Trial. 

Drift. 

< 

1 

1 

Snrl 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

s 

Remarks. 

•F. 

•F. 

•F-. 

4'  inter.;  #12, 

#20. 

0.  p.  dr.;  Alb. 
smp. 

fi'sWg 

surf.... 

Afln. 
20 

Against 
fide. 

Mi. 

O.  p.  dr.  used  at  each 

.... 

end.  Alb.  smp.  at 
"A,^'  sledge  fiawl 
through   interven- 
ins  distanoe,  0.83 

Flood.  RathA'more 

...do.... 

10 

310* 

0.83 

than    level    full, 
with  surface  layer 
washed  off. 
Cable  out  35  Cms. 

.... 

0.  p.  dr.;  Alb. 
smp. 

do 

...do.... 

Level  full. 

...do.... 

O .  p.  dr.  used  at  eadi 

y  sldg.... 

...do.... 

32i 

304* 

1.1 

end.  Alb.  smp.  at 
"A,"  sledge  trawl 
throu£h  interven- 
ing   distanoe,    1.1 
ml.      More    than 
level  full.    Flood. 
Gable  out  30  fms. 

.... 

1 

0.  p.  dr.;  Alb. 
smp. 

do 

...do.... 

...do.... 

Flood.     More   than 

5'sldg 

...do.... 

17* 

325» 

.05 

level  full. 
Cable  out  30  fms. 

0.  p.  dr.;  Alb. 
smp. 

4' toter.;  #12, 
250^^seine 

...do.... 

Rather    more    than 

surf. . . . 

20 
150 
120 

20 

20 
120 

20 

20 
20 
20 
20 
20 
20 
20 

Against 
tide. 

full. 

2  hauls. 

do 

3  hauls. 

4' inter.;   #12, 

#20. 
do 

surf. ... 
...do.... 

Against 

tide. 
...do 

1 

260' seine 

Da 

4' inter.;   #12, 
#20. 

do 

do 

do 

surf 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

surf 
and 
botm. 

...do.... 

Against 
tide. 

...do 

...do 

...do 

... 



... 

1 

do 

do 

...do 

...do 

...do 

...do 



do 

do 

ttiOO 

59140 

5&10 

57.10 
57.20 

58.30 

5&55 

61.05 

5«.70 
50.00 

20.33 

20.38 

30.19 

30.90 
30.24 

30.01 

29.07 

30.53 

31.27 
31.65 

Ek.bot.;  Tnr. 

cse.;4'inter.; 

#12,  #20;  Pr. 

m. 
do 

do 

do 

do 

...do 

Ship  at  anchor. 
Flood,  0.50  knot 
per  hr.  Ship 
headed  S.  by  W. 

Flood,  1.22  knots  per 
hr.  Ship  headed 
S.  24*  w: 

Flood,  1.01  knots  per 
hr.  Ship  headed 
S. 10- E. 

Flood,  1.87  knots  per 
hr. 

Flood,  0.80  knot  per 
hr.  Ship  h<»ded 
S.  64*  W.  Ship 
started  to  swing, 
did  swing  a  bit, 
then  stopped  at 
position  noted. 

...do 

...do.... 

...do.... 
...do.... 

...do 

...do 

...do 
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TJ.  S.  BUREAU  OF  PISHEBIES. 

DsBDaiNo  AND  Htdroosaphic  Bbcobds  SacinixD  IN  Sak 


station 
num- 
ber. 


Position. 


ChATt. 


Date. 


Time  of 
day. 


Depth. 


Chancterof 


n.6329 


Middle  aeelion  of  bay— Con. 


Lime  Pt.  Lt.,  B.  IT  W. 
Alcatras  Lt.,  8.  78*  E. 
Pt.  Knox,  N.  W  E. 


.do. 


.do. 
.do. 
.do. 
.do', 
.do. 


.do. 
.do. 


H.5230 


Upper  section  of  bay. 


Pinole  Pt.  N.  56*  E 

Brothers  Lt.,  S. 

Rt.  Tang.  Sisters,  N.  28*  W. 


.do. 


.do. 


.do., 
.do. 


.do. 


.do. 


.do. 


.do. 


.do. 


H.5331 
H.5332 
H.5333 
H.5334 


San  Pablo  Bay,  off  mouth  of 
Petaluma  Creek,  Lt.  R  (6), 
N.  41"*  W.,  0.59  mile. 

San  Pablo  Bay,  off  mouth  of 
Petaluma  Creek,  Lt.  R  (6), 
N.4rw.,  2.26  miles. 

San  Pablo  Bay,  off  mouth  of 
Petaluma  Creek,  Lt.  R  (2), 
N.71«W^0.75mlle. 

San  Pablo  Bay;  Pt.  Pinole, 
8.  26- E.,  2.03  miles. 


C.8. 
5532 


5532 

6632 
6532 
5532 
6532 
5532 

6532 
5532 


1918. 
July  18 


..do.... 

..do.... 

..do 

..do.. 

..do 

..do.. 


5533 

5633 
5533 


6533 
5533 

5533 

6533 

6633 

6533 

5533 

6533 


...do 

...do 

July  21 

...da... 

...da.... 

...da... 
...da..., 

..da..., 

..da... 
...da..., 

..da.... 

..da.... 

..da.... 

..do..... 

..do...., 

...da.... 


12.00noon. 

1.00  p.m. 

2.00  p.m. 
3.00  p.m. 
4.00  p.m. 
&00p.m. 
6.00  p.  m. 

7.00  p.  m. 
7.30  p.  m. 

10.00  a.  m. 

11.00  a.m. 

12.00  noon. 

1.00  p.m. 
2.00  p.m. 

3.00  p.m. 

4.00  p.  m. 
6.00  p.m. 

6.00  p.m. 

7.00  p.m. 

2.51  p.m. 
3.32  p.m. 
4.07  p.m. 

4.52  p.m. 


Fmt, 
28 


28 


28 


28 
28 


11 

11 

11 
11 

11 

8 
8 

8 

8 

1 

li 
2 
8 


rky.  S.. 
....do.. 


..do... 
..do... 
..do.. 
..do.. 


.do.. 


..do.. 
..do.. 


....do.... 

....do.... 

....do.... 
....do.... 

....do.... 

....do.... 
....do.... 

....do.... 

....do.... 

....do.... 

....do.... 

....do.... 

....do.... 
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Tempentnre. 


5&  10  55. 30 


57.00 

5&00 
5&00 
60.80 


55.20 

55.00 
55.25 
55.60 


57.1055.85 


S&TD 


57.10 


50.56 


50.55 


57.1050.00 


M.10 


03.05 


62.0002.50 

62.8002.06 

83. 20  6L  80 
62. 808a  70 

6L  306a  16 

61.10  50.86 
63L 10  501 85 

631 10  6a  00 

.62. 20  6a  75 


0&80 
06.26 
6110 
63.20 


SaUnity. 


Surt 


8a  41 

30.61 

30.72 
30.01 
31.58 
31.00 
81.42 

31.18 
31.13 

21.44 

22.05 

23.08 

23.80 
26.28 

20.31 

2&10 
27.26 

26.04 

20.64 

18.85 

aLoa 

24.07 
26.40 


Botm. 


32.10 

32.50 

32.00 
3X41 
3Z05 
31.87 
31.62 

31.53 
31.49 

24.83 

20.13 

26^47 

20.74 
28L40 

28L84 

20.84 
»l84 

20.26 

28.04 

1&33 

2L08 

24.14 

26.58 


Apparatus. 


£k.bot.:Tiir. 

cae.;4'biter.; 

»12,#20;  Pr. 

m. 
....do 


.do. 
.do. 
.do. 


.do. 
.do.. 


.do., 
.do.. 


Ek.bot.;Tiir. 

096.;  4' inter. 

#12,#20;Pr. 

in. 
.....do 


...do.. 


..do.. 
..do.. 


.do.. 


.do.. 


...do.. 
...do.. 
...do.. 


Ek.bot.. 


..do 


..do.. 
..do.. 


Trial. 


Depth. 


surf, 
and 
botm. 

..do.... 


..do.. 


..do.. 


.do.. 


.do., 
.do.. 


.do., 
.do.. 


surf, 
and 
botm. 

..do.., 


...do... 


.do.. 


.do.. 


..do.. 


.do.. 


..do.., 
..do... 
..do... 


botm., 


...do.. 


.do., 
.do.. 


Dura- 
tion. 


Mln. 


Drift. 


Direotian. 


Acainst 
Qde. 


.do.. 


.do.. 


.do.. 


.do.. 


.do., 
.do.. 


.dOL. 
.do.. 


Against 
fide. 


.do. 


.do. 


.do. 


.do. 


.do. 


.do. 
.do. 

.do. 


.do. 


Mi. 


Remarks. 


Flood,  0.70  knot  per 
hr.  Ship  headed 
8. 81*  W, 

Flood,  nearly  slack, 

0.50  knot  per  hr. 

Ship    headed    8. 

Ol^VV. 
Ebb,  0.66  knot  per 

hr.    8hlp   headed 

W. 
Ebb,  1.20  knots  per 

hr.    Ship   headed 

N.flO*»W. 
Ebb,  1.15  knots  per 

hr.    8hip   headed 

NNW. 
Ebb,  1.01  knots  per 

hr.   Ship   headed 

N.  W  W. 
Ebb,  0.76  knot  per 

hr.   8hip   headed 

N.   W   W.   Ship 


swung  to  tide  oom- 

»leteiyi 

0.74  knot  per 
headed 


plotelyat6.30. 
Flood,  0.74 : 
hr.    Ship 

s.srE. 

Flood,  0.06  knot  per 
hr.  Wire  broke, 
repaired,  but  cur- 
rent meter  did  not 
register  properly. 


Ship    St  anchor 

Flood,   0.77   knot 

perhr.  Ship  head- 
ed S.OS'wT 
Flood,  0.80  knot  per 

hr.  Ship  headed  8. 

6»W. 
Flood,  1.56  knots  per 

hr.  Ship  headed  S. 

3»E. 
Flood,  2.18  knots  per 

hr.  ShipheadedS. 
Flood,  1.90  knots  per 

hr.  ShipheadedS. 

16»W. 
Flood,  1.45  knots  per 

hr.  ShipheadedS. 

6-W. 
Flood,  1.10  knots  per 

hr.  ShipheadedS. 
Flood,  0.32  knot  per 

hr.  ShipheadedS. 

WE. 
Slack,  0.16  knot  per 

hr.    Ship  headed 

S.  72*  E. 
Ebb,  1.36  knots  per 

hr.    Ship  headed 

N.l'E. 
Flood.  LaonohuMd. 


Do. 
Do. 
Do. 
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V.  S.  BUREAU  OF  FISHEBIES. 
Dreogino  and  Hydrog&apbig  Records  Sbcurbd  in  San 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

DepttL 

Character  of 

bottom. 

H.5885 
H.5836 

Upper  section  <tf  bof—Caa. 

San  Pablo  Bay;  Pt.  Ptoole, 
S.72«W.,0.V3mUe. 

Middle  section  of  bay. 

FortPt.Lt.,S.73i»W 

LimePt.Lt.,N.7rW. 
An«elId.Lt.,N.9*»E. 
Southampton  U.,  N.  WW. 
AlcatraxU^N.eO-W. 
Lft.  Tang.  Goat  Id.,  N.  83J' 

£. 
Southampton  Lt..  N.  9"  E.. . 
AlcatratU..S.33*»W. 
Blunt  Pt.,N.4rW. 
Southampton  Lt.,  S.  68*  E . . 
Bluff  Pt.,S.48*»W. 
Rt.  Tang.  Red  Rk.,  N.  5"  W. 
do 

Southampton  U.,  N.  8»  E.. . 
Alcatra«Lt.,S.33'W. 
Blunt  Pt.,N.56*»W. 
Southampton  Lt.,  N.  15"  W. 
AlcatraBLt.,N.66-W. 
Lft.  Tang.  GoatId.,N.56*E. 

FortPt7Lt.,B.75»W 

LimePt.Lt.,N.72»W. 
Ang©lId.Lt.,N.7'E. 

Lower  section  of  bay. 

Goat  Id.Lt.,N.17«W 

Ferry  Bldg.,N.55'W 

Rt.  Tang.  Mission  Rt.,  N. 

88*  w: 

Candlestick  Pt.,  N.  51"  W... 
Shag_Rk.,N.35«W. 
San  Bruno  Lt.,  S.  42*  W. 

No.2Beacon,S.33"»E 

San  Bruno  Lt.,N.  70"  W. 
San  Mateo  Pt.,S.  WW. 
.  .do 

C.8. 
5533 

5532 
5532 

51)32 

5532 

5532 
6532 

6532 

5532 

5531 

5531 

5531 

5531 
5531 

5531 

6531 
5531 
5531 

1913. 
July  21 

July  22 
...da.... 

...do 

...da.... 

...da.... 
...da-... 

...da.... 

...da.... 

July  23 

...do 

...da.... 

...do 

..'.da.... 

...do 

...do 

...do 

...do 

Sept.  IS 

Sept.  24 
Oct;     1 
Oct.     9 
Oct.   20 

1914. 
Mar.    5 

...do 

5.82  p.m. 

7.30  a.m. 
8.20  a.m. 

9.05  a.  m. 

10.00  a.  m. 

11.00  a.m. 
11.45  a.m. 

12.25  p.m. 

1.25  p.m. 

8.50  a.  m. 

10.00  a.  m. 

10.40  a.  m. 

11.40  a.m. 
1.05  p.  m. 

2.14  p.m. 

10.54  a.m. 
11.27  a.  m. 
12.00  noon. 

6.45  a.  m. 

6.45  a.  m. 
1.00  p.m. 
9.30  a.  m. 
2.30  p.  m. 

9.17  a.  m. 
11.02  a.  m. 

Fnu. 
It 

8 
13 

16 

»i 

12 
231 

11 

10 

M 

S 

H.5387 

H.583S 
H.6339 

do 

do 

M. 

H.5340 

8 

H.5341 
H.6342 

H.5343 

do... 

do 

M 

H.5344 
H.5345 

do 

do 

H.5346 

Candlestick  Pt.,  N.  53«  W... 
Shag_Rk.,  N.  36-  W. 
SanBnmoLt.,S.44»W. 

OoatId.Lt.,N.19J«W 

Ferry  Bldg..N.  65' W. 
Rt.  Tang.  Mission  Rk.,  N. 

Na  2  Beacon,  B.  31^  W.,  6 

miles. 
No.  2  Beacon,  S.  W  W.,  4.33 

miles. 
No.  2  Beacon,  S.  22"  B.,  3.3 

miles. 

Middle  section  cf  hay. 

Between  Angel  Id.  and  Sau- 

sali(a 
do 

5 

1 
2 

3i 

M 

H.5347 

H.5348 
H.5349 
H.5350 

.....do .. 

.....do 

do 

do 

do 

....  do 

...  do 

H.5351 
H.5352 

Angelld.  H.,  N.  IR" E 

AlcatraiLt.,S.64*E. 
Lime  Pt.  LV,  S.  57' W. 

Southampton  Lt, ,  N.  73**  E . . . 
Rt.  Tang.  Angelld-.S.  64"  W. 
Lit.   Tang.   Angel  Id.,   S. 
WW. 

5532 
5532 

10 
7 

S 

m.  8 
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Temperature. 


SaUnity. 


Trial. 


Surf. 


Apparatos. 


Botm. 


Depth. 


Dura- 
tion. 


Drift. 


Direction. 


Remarks. 


F. 


F. 
04.60 


».10 


50.30 


62.0062.05 

61.0058.70 

61.8058.55 
I 
....1611050.15 

....Oa305&70 
....Oa  30  59. 30 
....59.1050.90 

....64.1062.00 

....60.2062.05 

....0011063.95 

....Q0.206&05 
....67.2063.90 

.6X9000.85 


24.36 

30.41 
29.02 

28.20 
26.73 


I 


50 


20.16 
28.35 


68.75 
00.15 
09.10 


2&42 

27.92 

27.85 

27.83 
2&75 

28.91 

27.01 
27.34 
27.77 


24.42 

30.37 
29.23 

28.77 

29.74 

30.03 
30.20 

30.08 

31.49 

29.04 

27.02 

27.81 

27.83 
28w78 

20.74 

27.50 
27.34 
27.79 


Ek.  bot. 


botm.. 


Jftn. 


Mi. 


Ek.  bot.;  Pr. 
m. 


.do.. 


botm.. 
..do... 


.do., 


.do.. 


....do. 


...do... 


.do. 
.do. 

.do. 


..do.. 


.do.. 


.do.. 


.do.. 


Ek.  bot.;  Tnr. 

090.;  4' inter . 

#12,  #20;  Pr. 

m. 
....do 


.do.., 


surf, 
and 
botm. 

..do.... 


Against 
tide. 


.do. 


.do. 


..do.. 


.do. 


■do., 
.do.. 


.do., 
.do.. 


.do. 
.do. 


.do.. 


.do.. 


Against 


^gaii 
tide. 


Ek.bot.. 
....do... 


botm.. 
..do... 


.do. 


.do.. 


4Mnter.;  #12, 
#20. 

do 

do 

do 

do 


^253.2 
*54.553.5 


12.81 


11.78 


20.04 


18.35 


Ek.bot.;  Tnr. 

C8e.;4'inter.; 

|12,#20;NZ; 

Pr.m. 
do 


surf.. 

...do.. 
...do.. 
...do.. 
...do.. 


.do... 


...do... 


20 

20 
20 
20 
20 

81 


Against 
tl. 


de. 
...do... 
...do... 
...do... 
...do... 


Anchored 


..do. 


Flood.    Launch 
used. 


Ebb,  1.74  knots  per 
hr. 

Ebb,  1.13  knots  per 
hr. 


Ebb,  1.08  knots  per 
hr. 

Ebb,  0.05  knot  per 
hr. 

Flood,  0.37  knot  per 

hr. 
Flood,  1.05  knots  per 

hr.    Bow  midway 

in  Qolden  Gate. 
Flood,  1.50  knots  per 

hr.     Ship  headed 

N.  42»  W. 
Flood,  1.07  knots  per 

hr.  Headed  toward 

Mt.  Diablo. 


Ebb,  0.05  knot  per 
hr. 


Flood,  0.22  knot  per 
hr.  Net  towed  3 
min. 


Flood,  0.27  knot  per 
hr. 

Flood,  1.05  knots  per 

hr. 
Flood,  1.21  knots  per 

hr. 


Flood,  1.35  knots  per 
hr. 


Flood, 
used. 
Do. 

Do. 


Launch 


Ebbtide.  1.83  knots 

fir  hr.  NZ  Surf., 

Ebbtide.  2.43 knots 
perhr. 
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IT.  S.  BUBEAU  OF  FISHERIES. 

DRBDama  and  Htdbographic  Records  Secured  in-  San 


station 
num- 
ber. 


Position. 


Chart. 


Pate. 


Time  of 
day. 


Depth. 


of 


H.6363 

H.5354 

H.5355 
H.5356 

H.6857 

H.5358 
H.5360 

H.5360 

H.5361 
H.5362 
H.5363 

H.5364 
H.6365 


Middle  teetion  of  bap— Con. 

Brothers  H..N.224«E 

Southampton  lA,. ,  8. 36i«  E. 
RVTang.RedRk.,B.e7-E. 

Upper  section  of  bay. 

Brothers  LWS.  27- W 

Pinole  Pt.,  N.  m*  E. 

Rt.  ^Tang.   8is^  Id.,   8. 

Pinole  Pt,  8.  8«»W 

LoneTreePt..S.79*»E. 
Mare  Id.  Lt.,  N.  68"  E. 
Carqulne*  Li,  N.  45**  W. .. 
Lft.  Tang.  Crockett  Whf.,  8. 

Rt.  JTanp-  Selbe  Wht,  8. 

Jiiddle  section  of  bay. 

Angel  Id.  LV,  N.  26»  E 

AlcatrasLV,S.  M'E. 
Lime  P^.  LV,  8.  63»  W. 

Fort  Pt.  L^.,  8.  64"  W 

LimePt.Lt.,N.(»rw. 
Angel  Id.  14.,  N.  18^  E. 
Southampton  L^.,  N.  14*  W. 
AlcSraelJt.,  N.  7ir  W. 
Lft.  Tang.  Goat  Id.,  N.  89**  E. 

Lower  aectUm  of  bay. 

GoatId.Lt.,N.23fE...... 

Ferry  Bldg..N.  74*  W. 
Rt.  Tang.  Mission  Rk.,  8. 
26«W. 

ShagRk.,  N.  63J»  W 

SanBrunoU.,B.17i»W. 
Candlestick  Pt;.  N.  Ve"  W. 

No.2Beacon,8.85i»E 

8an  Bruno  Lt-,  N.  68"  W. 
8an  Mateo  Pt-,  8. 8*  E. 

Goat  Id.  Lt.,  N.  12«  E 

FenVBldg.,N.7irw. 
Rt.  Tang.  Mission  Rk.,  8. 

Middle  section  of  bay. 

Southampton  Lt..N.  14*  W. 
Lft. Tang.  Goat  Id.,  N.  77«  E. 
Alcatra»Lt.,N.e7"W. 

Fort  Pt.  Lt.,  8.  72i»  W 

LlmePt.  U-,N.<ff«W. 
AngelId.Lt.,N.WE. 


C.3. 
5532 


5533 
5533 


5532 

5682 

5532 

5531 

5531 
5531 
5531 

5532 
6532 


1914. 
Mar.    5 


Mar.    5 

..do 

..do 


Mar.    5 

Mar.    6 
..do 

Mar.    6 

..do 

..do 

...do 

Mar.    6 
...do 


11.45  a.m. 

1.11  p.  m. 

1.57  p.  m. 
2.44  p.m. 

4.41  p.  m. 

iai8  a.  m. 
11.04  a.m. 

11.33  a.m. 

12.21p.m. 
1.29  p.  m. 
2.52  p.m. 

3.21  p.  m. 
3.57  p.  m. 


Fwu. 

8J 


M. 


6 
13 


....do 

m.8 


17 
16* 

13 

61 
6 
lOi 


M.... 

m.  8. 


S.,M. 


m 


....do.......,.....i 
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TemperBtare. 

Salinity. 

Apparati:^. 

Trial. 

Drift 

< 

i 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

A 

Remarks. 

1  ^ 

•54.1 

53.4 



21.66 

Ek.  hot.;  Tnr. 

#12;#20;  NZ; 
Pr.m. 

surf.... 

J/2n. 

Salinity  too  low  to 
be  Mcured  from 
Knudseu's  Tables. 
Ebb  tide3.40  knots 
perhr. 

1 

72 

•S5.7 

53.56 
53.S 

7.65 
4.02 

11.04 
13.42 

Ek.  bot.:  Tnr. 

cse.;4'bter.; 

fl2,#20;NZ; 

Fr.  m. 
do 

surf 

...do.... 

Si 
10 

Anchored. 
...do. 

Ebb  tide,  0.90  knot 
perhr. 

Ebb  tide,  3.06  knots 
perhr. 

7Q     4c!«^  9- 

54.35 

3.77 

do., 

...do.... 

8 

.do ...    . 

Salinity  too  low  to 
be  secured  from 
Xiiudseo's  Tables. 
Ebb  tide  3.19  knots 
perhr. 

. 

58 
58 

*«4.8 
*54.7 

53.05 
53.15 

11.62 
15.12 

3a  34 
30.52 

Ek.  bot.:  Tnr. 

cee.;4'iiiter.; 

#12,«20;NZ; 

Pr.m. 
do 

surf.... 
...do.... 

lOJ 
11 

Anehond. 
...do 

Flood  tide,  0.61  knot 
perhr. 

Ebb  tide,  3.03  knots 
perhr. 

1  nn 

•55.1 

53.2 

14.73 

29.60 

.....do 

...do.... 

lli 

..do, 

Ebb  tide.  2.7B  knots 

perhr. 

59 
94 

•55.5 
^6.1 

53.15 
54.15 

12.32 
11.85 

30.07 
20.32 

Ek.  bot.:  Tnr. 

cse;4'inter; 

iU2,  #30;  NZ; 

Pr.m. 
do 

surf 

...do..,. 

11 
31 

Anchored. 
...do. 

Ebb  tide,  1.01  knots 
perhr. 

Ebb  tide,  0.05  knot 
perhr. 

62 

♦56.7 

53.7 

12.27 

23.17 

do 

...do.... 

11 

...do. 

Ebb  tide,  1.61  knoto 
perhr. 

66 

*5&3 

53.25 

1L46 

29.23 

do 

...do.... 

13 

...dOL 

Flood  tide,  0.33  knot 
perhr. 

66 

TO 

•55u5 

•55.8 

53.3 

53.25 

* 

10.03 
1Z45 

3a  67 

saos 

Ek.  bot.;  Tnr. 

086.  ;4' inter.; 

J12,«30;NZ; 

Pr.m. 
do 

surf.... 
...do.... 

8i 
9 

Anchored. 
...do. 

Flood  tide,  2.73  knots 
perhr. 

Flood  tide,  0.84  knot 
perhr. 

8672*'— 21' 6 
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DaED<»NQ  AND  Hydbooraphic  Rscords  Sbcurbd  During  Halibut 


Btatlon 
num- 
ber. 


H.5366 
H.5367 
H.5368 
H.5369 
H.5370 
H.6371 
H.6372 
H.5373 
H.6S74 
H.6375 
H.6376 
H.fi377 

H.5378 
H.5379 
H.6380 
H.538I 
B.63S2 

H.5383 
H.5384 
H.5385 
H.5386 
H.6387 
H.6388 
H.5389 

H.53go 

H.5391 
H.6392 
H.6393 
H.5394 
H.53Q5 
U.63Q6 
H.5397 
H.5398 
H.6390 
H.5400 
H.6401 


Position. 


Heoeta  Head  Lt,  N.  m^*  £., 

27.3  miles. 
Heoeta  Head  Lt.,  N.  08«  E., 

282ml]e6 
Heoeta  Head  Lt.,  N.  66^*  E., 

28.8  miles. 

Umpqua  River  Lt.,  S.  66i* 

E.,  29  miles. 
Heoeta  Head  Lt.,  N.  67"  E., 

dO.3  miles. 
Heoeta  Head  Lt.,  N.  69*  £., 

31  miles. 
Heoeta  Head  Lt.,  N.  70^*  £., 

31.6  miles. 

Heoeta  Head  Lt.,  N.  72*  E., 

32.3  miles. 
Heoeta  Head  Lt.,  N.  73i»  E., 

82.2  miles. 

Heoeta  Head  Lt.»  N.  76*  E., 

31.7  mUes. 

Heceta  Head  Lt.,  N.  76^*  E., 

31.3  miles. 

Heoeta  Head  Lt.,  N.  78i»  E., 

31.5  mUes. 

Heoeta  Head  Lt.,  N.  79i*  E., 

3L7  miles. 
Heoeta  Head  Lt.,  N.  85*  E., 

32.7  miles. 
Heoeta  Head  Lt.,  E.,  81.8 

miles. 
Heoete  Head  Lt.,  8.  85*  E., 

30.9  miles. 

Heoeta  Head  Lt.,  8.  82*  E., 

30.6  miles. 


Heoeta  Head  Lt.,  8. 

30.6  miles. 
Heoeta  Head  Lt.,  8. 

30.3  miles. 
Heoete  Head  Lt.,  8. 

30.3  miles. 
Heoete  Head  Lt.,  8. 

30.2  miles. 
Heoete  Head  Lt.,  8. 

28.2  miles. 
Heoete  Head  Lt.,  8. 

26  miles. 
Hecete  Head  Lt.,  8, 

24.5  miles. 
Heoete  Head  Lt.,  S. 

2^.2  miles. 
Heoete  Head  Lt.,  S. 

27.1  miles. 
Hecete  Head  Lt.,  8. 

28.3  miles. 
Heoete  Head  Lt.,  8 

29.9  miles. 
Hecete  Head  Lt.,  8. 

29.9  mUee. 
Heoete  Head  Lt.,  S. 

29.7  mUes. 
Heoete  Head  Lt.,  S. 

29.7  miles. 
Heoete  Head  Lt.,  S. 

30  miles. 
YaqulnaLt.,S.89J* 

Yaqiiina  Lt.,  8.  87* 

miles. 
Yaquina  Lt.,  8. 83i* 

nules. 
Yaquina  Lt.,  8.  84* 


78J*  E., 
.  76*  E., 
,  73*  E., 
70i*  E., 
.  69*  E., 
.  66*  E., 
.  76*  E., 
.  76*  E., 
75i*  E., 
.  75*  E., 
.  75*  E., 
.  72*  E., 
69J*  E., 
.  65*  E., 
.  61*  E., 
E.,  19.6 
£.,  19.5 
E.,  19.1 
E.,  19.9 


Chart. 


C.S. 
6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 
6000 
6000 
6000 
6000 

6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 


Date. 


1914. 
Apr.  21 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 

...do 

...do.. 
...do 

Apr.  30 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

May    2 

...do 

...do 

...do 


Time  of 
day. 


5.00  a.  m. 
5.22  a.  m. 
5.83  a.  m. 
5.47  a.  m. 
6.04  a.  m. 
6.15  a.  m. 
6.35  a.  m. 
6.50  a.  m. 
7.10  a.  m. 
7.30  a.  m. 
7.50  a.  m. 
8.06  a.  m. 

8.15  a.m. 
12.25  p.  m. 

1.09  p.  m. 

1.50  p.m. 
2.18  p.  m. 

3.20  p.  m. 

3.45  p.  m. 
4.06  p.  m. 
4.32  p.  m. 

5.10  p.  m. 
6.00  p.  m. 
1.00  p.  m. 
1.37  p.  m. 
2.04  p.  m. 
2.24  p.  m. 

2.46  p.  m. 
3.22  p.  m. 
3.49  p.m. 
4.53  p.  m. 

5.51  p.  m. 
12.00  noon. 
12.17  p.  m. 
12.34  p.  m. 
12.52  p.  m. 


Depth. 


Fnu. 
68 

79 

84 

110 

80 

84 

90 

165 

100 

84 

80 

88 

92 
182 
130 
81 
80 

76 
60 
61 
67 
63 
55 
61 
67 
64 
62 
71 
79 
81 
82 
86 
95 
83 
90 
98 


Character  of 
bottom. 


8hl.,rky.... 
fne.bk.  8... 

do 

do 

8hl.,rky.... 
Shi.,  gran... 

fne.  O 

fne.bk.8... 


crs.  O 

8hl.,hrd.  M 

Shi.,  rky.   gran., 
Wc.  8.,  O. 


fne.bk.8.... 

8hL,rky 

do 


Shi!,  rky 

do 

M 

fne,  bk.  8.,  fne  G. . 
8hl 


8hl.,hrd.  M 

Shi.,  rky 

bk.8.,M 

8hl.,graa 

8hl.,hrd.  M 

gn.lC I 

do 

8hl.,grui 

gn.M.;  fne.bk.S. 

.....do ! 

do 

do : 

do. 
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Tempentore. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

1 

1 

Surl 

Botm. 

Depth. 

Dura- 
tion. 

Directian. 

1 

Remarks. 

51 

47.0 
47.0 
48.0 
40.0 
SOlO 
50.0 

5ao 
sao 

50.0 
50.0 
50.0 

sao 
sao 

51.6 
53.0 
S3.0 
63.0 

52.0 
SLO 
51.0 

sas 
sao 
sao 

53.0 
53.0 
510 
53.0 
52.0 
S2.0 
92.0 
53.0 
53.0 
92.0 
52.0 
52.0 

•1?. 

Txir.*Bllsh  sdr . ; 

30-Ib.Iead. 
do..j....i. 

ifin. 

Mi, 

51 

.'il5 

..  ..do 

51.5 

do 

52 

do 

! 

1 

ta 

do 

B2 
53 

do 

do 

.13 

do 

Lead  dropped  twiqe. 
No  sample. 

53 

.....do 

54 

..     do. 

Tnr.-Blishsdr.: 
30>lb.    lead; 
1  skate. 

..  ..do 

V 

botm... 
...do.... 

60 
GO 

Salt  herring  used  as 
bait. 

Do. 

Tnr.-BUshadr.; 

30-lb.  lead. 
..  .  do 

57 

1 

do 

S7 

do.... 

Boundinj;  wire  fouled 
propeUer;  61  fms. 
cable  cut  away. 
No  sample. 

Tnr.-Blishsdr., 

28-lb.lead. 
.;...do 

|58 

do 

!i8 

do 

!i8 

.i...do 

« 

do 

• 

Lead  lost  on  haul  in* 

» 

53.6 
G3.5 

a 

B 
M 
B 
M 
M 
M 
B.5 

do 

do 

do 

do 

do 

do 

do 

do 

■ 

do 

Tnr.-Blishsdr.; 

26-lb.  lead. 
do 

• 

do 

do 
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station 
num> 
ber. 


Position. 


Cbart. 


Dmto. 


Time  of 
day. 


I>«ptli. 


Character  of 
bottom. 


H.6402 
H.54Q3 


H.M04 
H.5405 
H.M06 
H.6407 
H.5408 
H.6409 
H.&410 
H.M11 
H.&412 
H.M13 
H.5414 
H.6415 
H.6416 
H.6417 
H.5418 
H.5410 
H.5420 
H.54ai 
H.6422 
H.5423 
H.5424 
H.5425 
H.5426 

H.6427 
H.5428 


H.M39 
H.6430 
H.6431 


Yaquina  Lt.,  8.  82"  E.,  10.8 
YaquSa  Lt.,  8. 801*  S.i  19.8 


c.a. 


Yaquina  Lt.,  8.  77*  E.,  19.6 

Yaquina  Lt.,  8.  74*  E.,  19.4 

Yaquina  Lt,  8. 71i*  E.,  19.2 

Yaquina  Lt,  8. 68i«  E.,  19.2 

Yaquina  Lt,  8.  00*  E.,  19.3 

Yaquina  Lt,  S.  0Oi*  E.,  19.2 

Yaquina  Lt,  8.  43*  B.,  20.9 

Yaquina  Lt,  8.  83*  B.,  19.0 

YaquSa  Lt,  8.  38*  E.,  20 

Yaquina  Lt,  8. 21^*  E.,  20.3 

Yaquina  Lt,  8. 15i*  E.)21.5 

Yaquina  Lt,  8. 15i*  E.i  22.2 

Yaquina  Lt,  8. 15|*  E.,  22.8 

miles. 
Yaquina  Lt,  8.  13*  E.,  23.3 

Yaquina  Lt,  8. 16i*  E.,  24.4 

Yaquina  Lt,  8. 16*  E.,  26.8 

Yaquiniei  Lt,  8. 16^  E.,  28.8 

miles. 
Yaquina  Lt,  8.  16*  E.,  31 

Yaquina  Lt,  8.  16*  E.,  34 

Cape  kiwanda,  8.  H*  E.,  14 

miles. 
Cape  Meares  Lt,  N.  64i*  E., 

17.1  mUee. 
Cape  Meares  Lt.,  N.  70*  E., 

17  miles. 
Cape  Meares  Lt,  N.  80*  E., 

loTo  miles. 

Cape  Meares  Lt,  N.  80*  E., 

n.4  miles. 
Cape  Meares  Lt,  N.  80*  E., 

15.1  miles. 


Cape  Meares  Lt,  8.  84*  E., 

I0.3nU]es. 
Cape  Meares  Lt,  8.  70*  E., 

17.9  miles. 
Cape  Meares  Lt,  S.  74*  E., 

18.3  miles. 


0000 
0000 
0000 

ooo6 

0000 
0000 
0000 
0000 

eooo 
eooo 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0100 
0100 
0100 

0100 
0100 


0100 
6100 
0100 


1914. 
May  2. 

..do — 


..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
..do.. 
May 
..do.., 
..do... 
..do.., 
..do.. 
..do.. 
..do... 
..do.. 
..do... 
..do... 
..do... 
...do.. 
..do.. 
..do.. 
..do.. 
..do.. 

May 

..do.. 


..do.... 
..do...., 

..do...., 


1.16  p.m. 
1.28  p.m. 


4.49  p.  m. 

5.05  p.  m. 

5.27  p.  m. 

5.38  p.  m. 

0.18  p.m. 

OJiOp.m. 

7.36  p.m. 

9.29  a.m. 
10.07  a.  m. 
10.45  a.  m. 
11.20  a.m. 
11.40  a.  m. 

11.67  a.  m. 
12.23  p.  m. 

12.68  p.m. 
1.4Dp.m. 
2 JO  p.m. 
3.00  p.  m. 
3.66  p.  m. 
4.66  p.  m. 
6.40  p.  m. 
0.38  p.m. 
7U>7p.m. 

6.09  a.  m. 
0.29  a.  m. 


7.30  a.  m. 
8J)ia.m. 
8.49  a.  m. 


90 


90 


84 
82 
80 
96 
90 
90 
03 
101 
90 
88 


92 
86 
92 
100 
U2 
109 
103 
09 
106 
99 
106 

100 
08 


100 
96 
100 


gn.M.;fDe.bk.  S. 
do 


Shi.,  hid.  M. 
Shl.,rky.. 

gn.M 

do 

do 

do 

do 


..do.. 
..do.. 
..do.. 


..do... 
..do... 
..do.. 
..do.. 


.do., 
.do.. 


.do., 
.do., 
.do.. 


do... 

do.. 

do.. 

do.. 

do.. 

do.. 


do 

Bhl.,hrd.M.. 
SOuM 
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Temperatare. 

Salinity. 

AppantDS. 

TiiaL 

Drift. 

< 

1 

1 

Surf. 

Botm. 

I>6pth. 

Dnra- 
tion. 

Direotian. 

1 

Remarks. 

54 

54 

61.0 
5L0 

53.0 
63.0 
53.0 
S3.0 
52.0 
S2.0 
62.0 
5L0 
82.0 
62.0 
68.0 
68.0 
52.0 
02.0 
62.0 
6X0 
62.0 
51.0 
51.0 
&L0 
60.0 

6ao 
6ao 

62.0 
53.0 

5Z0 
610 

•F. 

Tm^-BJIahidr.; 

25.1b  lead. 
Tnr.-Blisbsdr.; 

25-lb  lead;  o. 

p.  dr.,  Alb. 

smp.;  2  skates. 

Tnr.-Blfahsdr.* 

MIn. 

Mi. 

botm... 

00 

50 

SO 

SO 

51 

S2 

52 

52 

S3 

54 

56 

56 

5i5 

Si5 

55 

54 

56 

56 

5S 

56 

56 

54 

52 

52 

S3 
58 

64 
55 

1JI5  p.  m.    O.  D. 

p.'  m.;  hanled  in 
2.07;  empty.  Alb. 
smpl.  down  2.29; 
up  2.88;  npper 
part  slightly  bent; 
stmek  by  weight 
(620  lbs.)  rigged  4 
fms.  above  samp- 
ler. Salt  herring 
bait. 

26-Ib.  lead. 
do 

do 

do         .... 

do          

do          

do        

do          

do 

do 

do 

do 

do 



do 

do 

1 

do 

do 

....  do    

....  do 

....  do 

do 

do 





Tnr.-Bli8b8dr.; 

25-lb.    lead; 

Alb.  smp. 
Tnr.-Blishsdr.; 

' 

3&'lb.lead. 
Tnr.-Blislisdr.; 
36-lb.    lead; 
4' Inter. 

Tor.BHshsdr.; 

25-lb.lead. 
do 

Cable  on  small  winch 

• 

parted;  6  fms.  ca> 
ble,  1  wt.  (160 
lbs.),  IbaU-bearing 
swivel  and  4'  inter, 
net  lost. 

S5   |g3.0 

do 

. 
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86  V.  S.  BtrfifiAXJ  OF  FISHERIES. 

Drbdgino  anb  HTDRoaRAVHic  RscoitDS  Sbcurbd  During  Haubut 


station 
ber. 

PodUon. 

Chart. 

Data. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

H.5432 

Cape  Meares  Lt.,  8.  67^  E., 

20.4  miles. 

TUlamook  Lt.,  N.  464*  ^-f 

25.5  miles. 

Tillamook  Lt.,  N.  52*  E.,  25 

miles. 
Tillamook  Lt.,  N.  60*  E., 

24.0  miles. 
Tillamook  Lt.,  N.  eftj*  E., 

24.0  mUee. 
Tillamook  Lt.,  N.  784*  E., 

25.4  miles. 
Heceta  Head  Lt.,  S.  68*  E., 

25.2  miles. 
Heceta  Lt.,  8.  60*  E.,  25.0 

miles. 
HeceU  Lt.,  8.  70*  £.,'26.6 

miles. 
Heceta  Lt.,  8.  70J*  E.,  27.2 

miles. 
Heceta  Lt.,  8.  71i*  E.,  27.9 

miles. 
Heoela  Lt.,  8.  72*  E.,  28.6 

miles. 
Heceta  Lt..  8.  74*  E.,  28.0 

miles. 
Heceta  Lt.,  8.  75*  E.,  29.6 

miles. 
Heceta  Lt.,  8.  76*  E.,  28.7 

miles. 
HeceU  Lt.,  8.  74*  E.,  29.2 

miles. 

Heceta  Lt.,  8.  73**  E.,  28.7 

miles. 
Heceta  Lt.,  8.  70**  E.,  29.3 

miles. 
Heceta  Lt.,  8.  68**  E.,  28.6 

miles. 
Heceta  Lt.,  8.  66**  E.,  28.7 

miles. 
Heceta  Lt.,  8.  63J*  E.,  28.7 

miles. 
HeceU  Lt.,  8. 60*  E .,  29  miles. 
Heceta  Lt.,  8.  64*  E.,  29.7 

miles. 
Heceta  Lt.,  8.  48**  E.,  30.6 

miles. 
Heceta  Lt.,  S.  47**  E.,  30.7 

miles. 
HeceU  Lt.,  8.  47J*  E.,  31.3 

miles. 
Yaauina  Lt.,  N.  70*  E.,  25.4 

Yaquina  Lt.,  N.  74**  E.,  23.4 

Yaquina  Lt.,  N.  81*  E.,  21.7 

Yaquina  Lt.,  N.  82*  E.,  21.4 

miles. 
Yaquina  Lt.,  N.  83*  E.,  21.2 

Yaquina  Lt.,  N.  84**  E.,  20.8 

Yaquina  Lt.,  N.  86*  E.,  20.6 

Yaquina  Lt.,  N.  87*  E.,  20.3 

Yaquina  Lt.,  N.  88*  E.,  20 

Yaquina  Lt.,  8.  80*  E.,  19.8 

Yaquina  Lt.,  8. 85**  E.,  19.7 

as. 

6190 
6100 
6100 
6100 
6100 
6100 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 

6000 
6000 
6000 
6000 

6000 

6000 
6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

1914. 
May    4 

...do 

...do 

...do..-. 

...do 

...do 

May    6 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do..... 

...do 

...do 

...do..... 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

9.36  a.m. 

9.56  a.m. 
10.85  a.m. 
11.08  a.  m. 
11.41a.m. 
12.11  p.m. 

6.01a.m. 

6.21  a.  m. 

5.86  a.m. 

6.45  a.m. 

5.66  a.  m. 

6.08  a.m. 

6.21  a.  m. 
6.32  a.  m. 
6.48  a.m. 
6.58  a.m. 

7.09  a.m. 

10.23  a.m. 

10.39  a.m. 

11.18  a.  m. 

12.01  p.  m. 

12.44  p.m. 
1.26  p.m. 

2.06  p.m. 

2.20  p.m. 

2.38  p.m. 

3.22  p.m. 

4.06  p.m. 
4.63  p.  m. 
6.05  p.  m. 
5.18  p.  m. 
5.81  p.  m. 

5.55  p.m. 

6.07  p.  m. 

6.23  p.  m. 
6.41  p.  m 

Fnu. 
97 

06 

96 

95 

97 

87 

61 

47 

49 

43 

49 

50 

61 

62 

61 

61 

61 
62 
66 
64 
66 

72 

79 

82 
78 
79 
162 
136 
89 
91 
92 
89 
86 
89 
89 
01 
90 

gn.M 

H.54aS 
H;54a4 
H.&135 
H.5436 
H.5437 
H.6438 
H.5439 

do 

do ' 

do ' 

do 

8hl.,hrd.M [ 

fiie.bk.S 

H.5440 
H.M41 
H.5442 

.....do 

Shi.,   eran.,   foe. 

bk.f. 
Shi.,  rky 

H.5443 
H.5444 
H.5445 

do 

8hl.,  gran.,  foe.  O. 

H.5446 
H.5447 

H.5448 
H.5440 
H.5450 
H.6451 
H.5452 
H.5453 

8hl.,graiL,fne.  O. 
do 

do 

8hl.,hPd.M. 

do 

...•.do 

do 

BM.,Kmii 

H.5454 

H.5155 

8hL.rky 

H.5456 
H.5457 
H.5458 

8hl.,hrd.M 

do 

gn.M 

H.M59 
H.5460 
H.5461 

do 

8hl.,hrd.M 

Ah].,  nfok. ...'.--. 

H.5462 

olU 

H.5463 

do^ 

H.5464 
H.5465 
H.5466 

ahl.,hrd.M 

do 

H.6467 

gn.  M 

H.5468 
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IxYSsnoATiONB  ofT  Orboon-Washinoton  Coasts,  1914  and  1915-~Contiiiued. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dunir 
tion. 

Direction. 

1 

Remarks. 

[;"• 

52.0 
S2.0 
SXO 

sa.0 

S2L0 
54.0 
5L0 
51.0 
5L0 
51.0 
61.0 
51.0 
5L0 
51.0 
^LO 
51.0 

•F. 

Tni..BIishsdr.; 

25-)b.  lead. 
do 

Mfn. 

m. 

.55 

55 

do 

55 

do 

S9 

aas 

52.5 

52.5 

53 

S3 

53 

55 

57 

56 

56 

56 

do 

do 

do 

do 

do 

do 

do 

do 

do 

..  ..do 

do 

Tnr.-Bliahsdr.; 
25-lb.    lead: 
2  skates. 

Tnr.-Blishsdr.: 

25.1b.  lead. 
do 

botm... 
...do.... 

60 
60 

One  dory  lowered;  2 
fishermen  ;steamed 
ahead  6  minutes; 
then    lowered    2d 

g2f;  e*»th«nng 

M 

5Z0 

52.0 

52.0 

52.0 

54.0 
54.0 

54.0 

64.0 

58 
58 

58 

02 
62 

S2 

62 

do 

do 

do 

do 

do 

do 

do 

do 

do 

B2 
61 
60 

54.0 
54.0 
64.0 

do 

do 

do 

do 

do 

do 

U 
59 
58 
S0 

52.0 
52.0 
510 
61.0 

do 

.    ... 

do 

do 

do 
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88  U.  S.  BUBEAU  OF  FISHERIES. 

Dredqino  and  Htbroorapbic  Records  Skcurbd  During  Halibut 


station 
num- 
ber. 

PoBltion. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 

bottom. 

H.6469 

Yaqulna  Lt,  8. 83}*  E.,  19.6 

YaquSa  Lt,  8.  81*  E.,  19.2 

Yaqulna  Lt.,  N.  47*  E.,  10.6 

YaquSa  Lt.,  N.  6(**  E.,  10.2 

Yaqulna  Lt,  N.  63}*  E.,  10.1 

Yaqulna  Lt.,  N.  56}*  E.,  10 

YaauSa  Lt,  N.  60}*  E.,  10 

Yaqulna  Lt.,  N.  62*  E.,  10.3 

xxules. 
Yaqulna  Lt,  N.  03*  E.,  10.6 

Yaqulna  Lt,  N.  64*  E.,  10.9 

Yaqulna  Lt,  N.  64}*  E.,  11.3 

Yaqulna  Lt,  N.  66*  E.,  n.6 

YaqiSa  Lt.,  N.  66*  E.,  1L9 

YaquSa  Lt,  N.  67*  E.,  12.2 

YaquSa  Lt,  N.  68*  E.,  12.6 

YaqfSa  Lt.,  N.  69*  E.,  13 

as. 

6000 

1914. 
May    6 

6J»8p.m. 

Fma, 

89 

ShL,hrd.M 

H.6470 
H.6471 

6000 
6000 

...do 

ICay     6 

7.16  p.m. 
6.36  a.  m. 

90 

47 

gn.M 

crs-gy.S 

H.6472 

0000 

...do 

6.66  a.  m. 

46 

Grs.gy.8.,l!ne.G... 

H.6473 

0000 

...do 

7.08  a.  m. 

46 

ors.gy.8.,For 

H  6474 

6000 

...do 

7.12  a.m. 

44 

<3I>S.gy.8 

H  5476 

6000 

...do 

7.19  a.m. 

41 

do 

H.6476 

6000 

...do 

7.27  a.  xiL 

40 

do 

H.6477 

6000 

...do 

7.85  a.m. 

38 

or5.gy.8.,tne.G... 

H.6478 
H.6479 

6000 
6000 

...do 

...do 

7.41  a.  m. 
7.48  a.m. 

39 
36 

8hl.,hrd.M 

do   

H.6480 
H.6481 
H  6482 

6000 
6000 

6000 
6000 

...do 

...do 

...do 

.   do 

7.66  a.m. 
8.02  a.m. 
8.10  a.m. 
8.16  a.  m. 

30 
38 
38 
40 

Shl.,rky.,Co 

do. 

brk  Sh  

H  6483 

8hl.|rky 

H.6484 

6000 

...do 

8.27  a.m. 

44 

ShL,hrd.M 

H.6486 
H.6486 

Yaqulna  Lt,  N.  70*  E.,  13.2 
YaqXa  Lt,  N.  71*  E.,  13.7 

6000 
6000 

...do 

...do 

8.36  a.m. 

8.47  a.  m. 

48 
54 

fne.bk.8;,brk.Sh. 
do 

H.6487 

Yaqulna  Lt.,  N.  72*  E.,  14.6 

6000 

...do 

8.66  a.  xn. 

67 

crs.gy.B.,brk.Sh- 

H.6488 

Yaqulna  Lt,  N.  76}*  E.,  14.4 
YaquSa  Lt ,  N.  78}*  E.,  14.4 
YaquSa  Lt,  N.  81*  E.,  14.4 
YaquSa  Lt,  N.  83*  E.,  14.6 
YaquSa  Lt,  N.  81*  E.,  14.4 

6000 

...do 

lL80a.m. 

64 

do 

H  6489 

6000 

do 

It  44 11.  m. 

61 

Shi  gran 

H.6490 
H.5491 

6000 
6000 

...do 

...do 

11.64  a.m. 
12.07  p.m. 

61 
61 

do 

8hl.,hrd.M 

H.6492 

6000 

...do 

12.26  p.m. 

62 

Shl.,gran.,fne.G.. 

H  6493 

Yaqulna  Lt ,  N.  87}«  E.,  14.3 
Yaqulna  Lt,  8. 88}*  E.,  18.9 
YaquSa  Lt,  8. 86}*  B.,  12.4 
YaquSa  Lt,  8.  81»  E.,  13.6 
YaquSa  Lt,  8. 76}*  E.,  12.2 
Yaqulna  Lt..  8.  72*  E.,  11.8 

6000 

...do 

6.27  p.m. 
6.33  p.  m. 
4.40  a.m. 

76 

H  6494 

6000 

...do 

72 

fne.bk.S 

H.6496 

6000 

May     7 

62 

fxie.ey  8 

H.6496 
H.6497 

6000 
6000 

...do 

...do 

4.72  a.m. 
5.09  a.m. 

65 

60 

do 

do 

H.6496 

6000 

...do 

5.30  a.  m. 

63 

do 
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DREDGING  AND  HYDROGKAPHlC  KECORDS.  89 

iNTBsnoAnoNs  OFT  Orboon-Washinoton  Coasts,  1914  and  1915--Coiitinu6d. 


Temperature. 

Afparatus. 

X    Trial. 

Drift. 

< 

s 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarks. 

•P. 

0.0 
6L0 
63.0 
fiXO 
53.0 
S2.0 
52.0 
£3.0 
52.0 
52.0 
53.0 
S2.0 
£3.0 
53.0 
53.0 
S8.0 
02.0 
£3.0 

52.0 

64.0 
64.0 

•F. 

Tnr.BUshsdr.; 

26.1b.  lead. 
do 

Jlifi. 

Ml. 

L. 

do 

'« 

do 

» 
BO 
60 
OO 
61 

n 
n 
a 
n 
n 

do 



do- 

do 

do 

do 

do 

do 

do 

do 

do 

Bl 

do 

Bl 

61 

do 

do 

« 



^1 

Tnr.-BliBhsdr.; 
25-lb.    lead; 
1  skate. 

Tnr.-BUshsdr.; 
25-lb.    lead; 
Alb.    smp.: 
1  skate. 

Tnr.-Blishadr.; 
25-lb.  lei^T 

do..r!r.... 

botm... 
...do.... 

60 
60 

At   8.40  lowend  a 

SI 

1 

6 

6 

SB.5 

S4 

M 

n 

- 

dory;     same     re- 
turned;      hoisted 
10.57  a.  m.  ■ 
At   8.55  lowered   a 

dory;    had  Ps^tng 
lines     over    side; 
dory  ret.,  hoisted 
11.18  a.  m.     Alb. 
smp.  used  at  11.15 

bkit.                 ^ 

1 

•"••t" 

do 

54.0 
•53.9 

53.0 
53.0 
50.0 

5ao 

60.0 

aao 

.....do 



17.3 
(T) 

29.76 

33.71 

Tnr.-BIlshsdr.; 

Lowered  2  dories  at 

25-lb.    lead; 
P.  N.  bot.; 
Alb.    smp.; 
2  skates. 

Tnr.-Blishsdr.; 

12.26,  2  fishermen 
each  made  double 
bank  set;  1st  dory 
ret.  1.54;  3d  at  3.01. 
Line  broken  about 
3  ft.  from  anchor, 
dory  No.  1.    Salt 
herring  bait. 

M 

...... 

26-lb.  lead. 
do 

1 

M 

do 

64 
M 
Bi 

; 

do 

do    

do 
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90  U.  S.  BUKEAXJ  OF  FISHBRIBS. 

Dredging  and  Hydbografhic  Rbcords  Skcubed  During  Haubiit 


station 

Podtfon. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

as. 

1014. 

Fm 

H.5499 

Yaquina  Lt.,  8.  80*  E.,  11.8 
Yaquina  Lt.,  8. 61|*  E.,  11.8 

eooo 

May    7 

5.41  a.  m. 

65 

fne.gy.8 

H.5500 

0000 

...da.... 

5.55  a.m. 

67 

do 

H.5501 

Yaquina  Lt,  8.  57*  E.,  12 
Yaquinia  Lt.,  8.  52*  E.,  12.2 

0000 

...da.... 

6.10  a.m. 

00 

do 

H.5502 

0000 

...da.... 

0.25  a.m. 

71 

do 

miles. 

H.5503 

Yaquina  Lt.,  8.  48*  E.,  12.4 
Yaquina  Lt.,  8.  43i*  E.,  12.7 
Yaquina  Lt.,  8.  40*  E.,  13.1 
YaqX'a  Lt.,  8. 35J*  E.,  13.2 

0000 

...da.... 

6.41  a.  m. 

71 

do 

H.6504 

0000 

...da.... 

6.55  a.m. 

71 

do 

H.6505 

0000 

...da.... 

7.00  a.  m. 

71 

do 

H.6606 

0000 

...do 

7.26  a.m. 

68 

do 

miles. 

H.5fi07 

Yaquina  Lt.,  8.  SIJ*  E.,  13.5 

Yaquina  Lt.,  8. 27**  E.,  13.8 

Yaquina  Lt.,  8. 22J*E.,  14.1 

miles. 
Yaqnina  Lt.,  8.  19*  E.,  14.8 

0000 

...da.... 

7.40  a.  m. 

65 

do 

H.6S08 

0000 

...da.... 

7.54  a.  m. 

60 

do 

H.&S09 

0000 

...da.... 

8.00  a.m. 

56 

do 

H.5510 

0000 

...do 

8.24  a.m. 

56 

do 

H.fiSU 

Yaquina  Lt.,  8. 15*  E.,  15.3 

0000 

...da.... 

8.37  a.m. 

60 

do 

H.fi612 

Yaquina  Lt.,  8.  llj*  E.,  16.4 

0000 

...da.... 

8.53  a.m. 

S3 

do 

H.fi613 

Yaquina  Lt.,  8.  lOJ*  E.,  17.2 

0000 

...do 

0.03  a.m. 

51 

.....do 

H.6514 

Yaquina  Lt,  8.  8**  E.,  18.1 

0000 

...do 

0.20  a.m. 

40 

do 

H.6515 

Yaquina  Lt.,  8.  7*  E.,  10 
miles. 

•          0000 

...do 

0.33  a.  m. 

45 

do 

H.5516 

Yaquina  Lt.,  8.  5**  E.,  10.8 
Cape  Klwanda,  N.  28J*  E., 

0000 

...do 

O.JiO  a.  m. 

46 

do 

H.M17 

0000 

...do 

10.05  a.  m. 

4« 

do 

13.3  miles. 

H.6618 

'^^rSlT'^  ""  *•  *•• 

0000 

...do 

10.17  a.m. 

48 

do 

H.6510 

Cape  Klwanda,  N.  31**  E., 

0000 

...do 

51 

do 

H.5620 

Cape  Klwanda,  N.  33**  E., 

0000 

...da.... 

12.40  p.m. 

51 

do 

H.5621 

Cape  Klwanda,  N.  36**  E., 
ro:2  miles. 

0000 

...da.-.. 

12.57  p.  m. 

40 

crs.  8.,  fne.G 

H.5622 

Cape  Kiwanda,  N.  30**  E., 
rf.5  miles. 

0000 

...do 

1.13  p.m. 

48 

lne.gy.8 

H.6533 

Cane  Kiwanda,  N.  43**  E., 

0000 

...do 

1.29  p.  m. 

47 

do 

H.5524 

Cape  Kiwanda,  N.  44**  E., 
yTmlles. 

0000 

...do 

1.44  p.  m. 

44 

do 

H.5526 

Cape  Kiwanda,  N.  47*  E., 
6.6  miles. 

0000 

...da.... 

2.00  p.  m. 

42 

do 

H.552e 

Cape  Kiwanda,  N.  61*  E., 
5.5  miles. 

0000 

...do 

2.07  p.  m. 

40 

do 

H.M27 

Cape  Klwanda,  N.  56**  E., 
4  4  miles. 

6000 

...da.... 

2.18  p.  m. 

34 

do 

H.5528 

Cape  Klwanda,  N.  80}'  E., 
sr.6  miles. 

6000 

...da.... 

3.01  p.  m. 

50 

do 

H.6629 

Cape  Klwanda,  S.  87**  E., 
^4  miles. 

eooo 

...do 

3.17  p.  m. 

52 

do 

H.5630 

Cape  Kiwanda,  8.  77'  E., 
5.5  miles. 

eooo 

...da.... 

3.32  p.  m. 

50 

.....do 
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DEEDOING  AKD  HTDBOGKAPHIC  REOOBDS.  91 

iNVBsnoATioNS  OTW  OBXOON-WAamNOTON  GoASTS,  1914  AND  1915— Continued. 


TsmpMature. 

Baltnity. 

Apnantus. 

Trial 

Drift. 

< 

1 

1 

Sort 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

s 

Remarks. 

fiao 

S0.0 

fiao 

•P, 

Tar..Bli8h.8dr.; 

25.1b.  lead. 
do 

Mln. 

Mi. 

S4 

H 

do 

54 
H 

....  do 

do 

do 

\i 

....  do 

.........A. 

do 

r 

....  do 

fA 

50.0 
52.0 
52.0 
52.0 
54.0 
54.0 
54.0 
M.0 
54.0 
510 

54.0 
54.0 
54.0 
510 
510 
510 
54.0 
510 

do 

M 

....  do 

L 

do 

L 

....  do 

A5 

,.  .  do    

do 

„ 

do 

SA 

do 

>^ 

do 

5^ 

do 

ao.i7 

33.87 

Tnr.-Bltoh.adr.; 
26-lb.    lead; 
P.  N.  bot.; 
Alb.siiip.;  2 

Tiir.-Bll8h.8dr.; 

botm... 

60 

At  10.17  loiwered  both 

.■a 

dories.     At    laao 
sounded  in  50  Ikna. 
and  put  over  P.  N. 
bot.   with   82  m. 
eable;down5min.. 
sent  messenger  and 
hove    up.      Bq^ 
therm.    &led    to 
register.    At  11.64 
used  Alb.  smp.  1st 
dory  ret.  12.07:  2d 
at  12.10.  Bait  hei^ 
ring  bait. 

iJR 

25-lb.  lead. 
do .-... 

H.5 

do 

' 

do 

1 

do 

64 

do 

do 

do 

do 

fe 
f 

510 
54.0 
54.0 



do....!.... 

.  .  do       

...  do 
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Dkbdging  and  Hydhografhic  Rscords  SxctmxD  Durikg  Haubvt 


station 
ber." 


H.5631 
H.5532 
H.6533 
H.6534 
H.5535 
H.fi636 
H.5537 
H.5538 
H.5539 
H.5540 
H.5541 
H.5542 
H.&543 
H.5544 
H.5545 
H.5546 
H.5547 
H.5548 
H.5549 
H.6550 
H.5651 
H.5562 
H.5553 
B!5564 
H.6655 
H.5556 
H.fi567 
fi.  6568 


H.6560 
H.5560 
H.6661 
H.5G62 
H.6fi63 
H.6564 


PositiOD. 


Cape  Kiwanda,  B.  66"  E., 

6.5  miles. 
Cape  Klwanda,  8.  S^*  E., 

6:2  miles. 
Cape  Klwanda,  S.  51*  E., 

6.8  miles. 
Cape  Meares  Lt.,  N.  29^*  E., 

10.5  miles. 
Cape  Meares  Lt.,  N.  40*  £., 

8.8  miles. 
Capo  Meares  Lt.,  N.  50^*  £., 

7.8  miles. 
Ciy>e  Meares  Lt.,  N.  80*  E., 

/T  miles. 
Cape  Meares  U.,  N.  87*  E., 

f.S  miles. 
Cape  Meares  Lt.,  S.  86^*  E., 

Smiles. 
Cape  Meares  Lt.,  S.  654*  £., 

a.1  miles. 
Cape  Meares  Lt.,  8.  48*  £., 

9.3  miles. 
Cape  Meares  Lt.,  S.  36*  E., 

11  miles. 
Cape  Meares  Lt.,  8.  26*  £., 

a.2  miles. 
Tillamook  Lt.,  N.  17^*  £., 

13.2  miles. 

Tiliamook  Lt.,  K.  26^*  £., 

11  miles. 
Tillamook  Lt.,  N.  38*  E., 

8.8  miles. 
Tillamook  Lt.,  N.  57}*  E., 

7.3  miles. 
TlUamook  Lt.,  N.  71*  £., 

9.7  miles. 
TUlamook  Lt.,  N.  73J*  £., 

10.5  miles. 

TiUamook  Lt.,  N.  75*  £., 

11.4  miles. 
Tillamook  Lt.,  N.  77J"  £., 

12.4  miles. 
Tillamook  Lt.,  N.  78*  E., 

13.4  mUes. 
Tillamook  Lt.,  N.  82*  E., 

16.3  miks. 

Tillamook  Lt.,  N.  84*  £., 

19.2  mUes 
Tillamook  Lt.,  N.  86*  £., 

22.2  miles. 
Tillamook  Lt.,  N.  87*  £., 

25.1  miles. 
Tillamook  Lt.,  N.  871*  £., 

25.6  miles. 

Tillamook  Lt.,  N.  87*  £., 
25.1  miles. 


Tillamook  U.,  8.  86i*  £., 

25.3  mUes. 
Tillamook  U.,  8.  79i*  £., 

25.9  miles. 
TUlamook  Lt.,  8.  73i*  £., 

26.9  mUes. 
Tillamook  Lt.,  8.  68*  £., 

28.2  miles. 
Tillamook  Lt.,  8.  66*  £., 

28.8  miles. 
Tillamook  Lt.,  8.  64*  £., 

29.3mitoB. 


Chart. 


c,a. 

6000 

6000 
6000 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 


6100 
6100 


Date. 


1014. 
May  7 

...do..... 

...do.. 

...do 

...do.. 

...do.. 

...do.. 

...do 

...do.. 

...do.. 

...do 

May  8 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do..... 

..do 

..do 

..do 

..do 

..do.. 

..do 

..do.. 

..do 


...do.... 
...do.... 


6100  ...do.. 


6100 
6100 
6100 


...do... 
...do... 
...do... 


Time  of 

Depth. 

8 JO  p.m. 

Fnu. 
48 

4.04  p.m. 

49 

4.37  p.  m. 

47 

4J2  p.  m. 

48 

5.23  p.  m. 

51 

6.02  p.  m. 

56 

6.30  p.  m. 

50 

6JS6p.m. 

62 

7X17  p.  m. 

62 

7.37  p.  m. 

57 

8.06  p.m. 

55 

6.30  a.m. 

51 

6.57  a.  m. 

48 

7.30  a.  m. 

47 

7.57  a.  m. 

50 

8.22  a.  m. 

52 

8.50  a.m. 

52 

9.34  a.  m. 

62 

9.37  a.m. 

06 

9.51  a.  m. 

68 

ia00a.m. 

72 

10.10  a.m. 

75 

10.52  a.m. 

79 

11.28  a.m. 

83 

12.00  noon. 

86 

12.34  p.m. 

78 

12.43  p.m. 

94 

1.03  p.m. 

79 

3.43  p.  m. 

83 

4.16  p.m. 

85 

4.51p.m. 

81 

5.23  p.  m. 

88 

5.34  p.m. 

80 

6.54  p.m. 

06 

Character  of 
bottom. 


rne.gy.8.... 

do. 

do 

do. 

do. 

do 

do 


fne.gy.S.... 

do 

.....do 

do 

.....do 

.....do 

Bhl.,hrd.M. 
fne.gy.S — 


gn.M 

do 

....do 

....do 

....do....... 

....do....... 

ShL,rky.... 

....do. 

gn.M 

Shi.,  pan... 


gn.M.. 
,....do. 
.....do. 
.....do. 
.....do. 
.....do., 
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1 

'  Tsmpefstore. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

i 

1 

1 

Surf. 

Botm. 

Deptb. 

Dura- 
tion. 

Direction. 

1 

Bemarks. 

M 

•F. 
54.0 

54.0 

510 

53.0 

53.0 

52.0 

50.0 

52.0 

62.0 

52.0 

52.0 

ao 

•F. 

Tnr.-BUsh8dr.: 

JTm. 

m. 

VS 

25-lblead. 
do 

55 

do 

1 

S4 

do. ........ 

M 

do 

fn 

do......... 

ffi 

do 

55 

55 
S5 

do 

do 

do 

\5 

do 

S3 

do 

do 

M 

55.0 
55.0 
S6.0 
61.5 
68.6 
63.6 
63.5 
53.6 
63.6 
64.0 
54.0 
52.0 
53.0 
58.0 

54.0 
510 
510 
52.0 
510 

do 

M 

do 

M  ^ 

do 

flS 

do 

M.5 

5S 

se 

55 
58 

57 

se 

57 

do 

do 

do 

do 

do 

do 

do 

.....do 

55 

do 

55 

54 
54 
54 
54 
54 

do.. 

8a52 

32.79 

'nir.-BUshsdr.; 
25-lb.    lead; 
Bk.  bot.; 
Alb.smp.;  2 

Tnr.-Blishsdr.; 

25-lb.  lead. 
.....iio 

botm... 

60 

Loeatioa     appro^l- 
mately  same  as  H. 
5556.   At  1.11  low- 
ered   fwd    dory, 
which     ret.     3.06 
p.m.  Lowered  aft 
dory  at  1.14;  ret. 
3.02p.m.  Saltberw 
ringWt. 

do 

do 

do 

.. 

•♦r 

do 
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Drbdqino  and  Hydbooraphic  Rbcords  Sscvrbd  DtTRiKe  Haubut 


station 
num- 
ber. 


H.6665 
H.6666 

H.6568 
H.fifi09 


n.6sro 

H.5571 
H.6572 
H.5573 
U.5574 
H.fi575 
H.5576 
H.6677 
H.6678 
H.5679 
H.6580 
H.5ffil 
H.5682 
H.5683 
H.5684 
H.6586 
H.6686 
H.5587 
H.5688 
H.6589 


H.5500 

H.5501 
H.5G02 
H.5503 


Position. 


Yaqutna  Lt.,  N.  aSi"  E.,  7.7 

miles. 
Yaquina  Lt.,  N.  35^*  E.,  8.9 

miles. 
Yaquina  Lt.,  N.  35^"  E.,  9.9 

miles. 
Yaquina  Lt.,  N.  26*  E.,  10.8 


Yaquina  Lt.,  N.  37*  E.,  11.6 
miles. 


Yaquina  U.,  N.  27*  E.,  13.2 


Yaquina  Lt.,  N.  38i*  E.,  16.1 

mUes. 
Yaquina  Lt.,  N.  31*  E.,  19.2 

miles. 
Yaquina  Lt.,  N.  30*  E.,  22.4 

miles. 
Heoeto  Lt.,  8.  46*  E.,  14.9 

miles. 
Hooeta  Lt.,  B.  66J*  E.,  14.6 

miles. 
Heocta  Lt.,  B.  68**  E.,  16.1 

miles. 
Heoeta  Lt.,  B.  79)*  E.,  16.8 

miles. 
Heoeta  Lt.,  B.  88*  E.,  17.1 

mUes. 
Heceta  Lt.,  N.  84J*  E.,  19 

miles. 
Heoeto  Lt.,  N.  78*  E.,  21 

miles. 
Heoeto  Lt.,  N.  76*  E.,  21.8 

miles. 
Heoeto  Lt.,  N.  74i*  E.,  22.8 

miles. 
Heceto  Lt.,  N.  73*  E.,  23.1 

miles. 
Heceto  Lt.,  N.  71i*  E.,  24 

miles. 
Heceto  Lt.,  N.  70*  E.,  24.8 

miles. 
Heceta  Lt.,  N.  60*  E.,  26.6 

miles. 
Heceto  Lt.,  N.  68*  £.,  26.1 

mOes. 
Heoeto  Lt.,  N.  6r  E.,  27 

miles. 
Heoeto  Lt.,  N.  66^*  £.,  27.8 

miles. 


Heceto  Lt.,  N.  66*  £.,  28.3 
miles. 


Heceto  Lt.,  N.  64*  E.,  29.3 

miles. 
Heceto  Lt.,  N.  62)*  £.,  30.2 

miles. 
Heceto  Lt,  N.  64*  £.,  80.6 


31iart. 

Date. 

a  a, 

6000 

1914. 
May  27 

6000 

...do 

600O 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

oooo 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6UU0 

...do 

6000 

May  28 

6UU0 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do..... 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do..... 

6000 

...do 

Time  of 
day. 


3.06  p.  m. 
3.16  p.m. 
3.96  p.m. 
3.86  p.m. 

3.46  p.m. 


6.38  p.m. 

6.06  p.m. 
6.31  p.  m. 
6.53  p.m. 
7.17  p.m. 
7.40  p.m. 
8.03  p.m. 
7.40  a.  m. 

8.07  a.  m. 
8.33  a.  m. 
8.67  a.  m. 
9.10  a.  m. 
9.30  a.m. 
0.27  a.  m. 
9.37  a.  m. 
9.60  a.  m. 

10.02  a.  m. 
10.17  a.m. 
10.29  a.  m. 
10.40  a.  m. 


10.49  a.  m. 

1.20  p.m. 
lJ6p.  m. 
1.48  p.m. 


D^>th. 


Fvu. 
24 

29 

80 

31 


34 


68 

79 
183 
138 


Character  of 
bottom. 


fne.gy.  B... 

do 

do 

..do 

..do 


....do.... 

do.... 

....do.... 
....do.... 
....do.... 
....do.... 
....do.... 
....do.... 

gn.lC 

....do.... 


Shl.,gnui. 
Shl.,rky.. 
crs.bk.8.. 

....do 

....do..... 
Shl.,rky.. 
Bhl.,8ran.. 


Shl.,gnm. 


...do...... 


Shl.,hid.M 

8hL,vtn.;bk.6. 
tDe.bk.B.,l&e.O. 


Digitized  by 


Google 


DREDGING  AND  HYDROGfiAPHIO  RECORDS.  95 
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Temperature. 

Salinity. 

Appaxatus. 

Trial. 

Drift. 

< 

1 

1 

Biuf. 

Botm. 

Depth. 

Dunk 
tion. 

Direotkm. 

1 

Remarks. 

57 

•F. 
SLQ 

54.0 

54.0 

54.0 

55.0 

53.0 
S3.0 
5L0 
54.0 
54.0 
54.0 
54.0 
51.0 
51.0 
51.0 
51.0 
51.0 
51.0 
6L0 
51.0 
53.0 
54.0 
540 
54.0 
*53.9 

54.0 

510 
64.0 

•F. 

•mr-BlUhsdr.; 

25.1b  l0fMl. 
do 

Jfin. 

Mi. 

50.5 

do 

M 

Tnr.-Bll8b8dr.; 
25.1b.    lead; 
1  skate. 

Tiir..B]iah8dr.; 
26-n>.    lead; 
Ek.  bot.; 
Alb.smp.;  1 
skate.  *^ 

Tnr.-Bllah8dr.; 

25-lb.lead. 
do 

botm... 
...do.... 

60 
60 

Lowered  Twd  dory 

30.25 

83.64 

with  2  fishermen  at 
3.40  p.m.;  hoisted 
at  5.27 p.m.  Salt 
herrlnfWt. 

with2flahermeDat 
3.49;  hoisted  dory 
at  5.32.  Ek.  bot. 
lowered  to  27  fms. 
Alb.  smp.;  no  sam- 
ple at  34fms.  Salt 

58 
56 
55 

55 
55 

53 
53 
57 
57 
58 
58 

do 

do 

do 

do 

.do. 

.      .do. 

.do 

do 

do 

j 
58 

do 

58 
58 
58 
66 
56 
56 
56 

do 



do 



do 

do 



do 

do 

do 

55.5 

Tnr.-BUshsdr.; 
25-lb.  lead;  1 
skate. 

Tnr.-Bllshsdr.; 

Alb.  smp. 
Tnr.-Bllshsdr.; 

25-Ib.lead. 
do 

botm... 
...do.... 

60 
60 

Lowered  f'wd  dory 

1 
55.1 

8L04 

83.82 

at  10.54;  hoisted  at 
1.07  p.  m.  Low- 
ered aft  dory  at 
11.05;  hoisted  at 
1  p.  m.  Salt  her- 
ring bait. 

's8 

!» 

Im 

do 



1 
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Station 
num- 
ber. 


H.fi694 


H.65e5 

H.6596 

H.5fi97 

H.5598 

H.6S09 

H.6600 

H.5601 

H.5602 

H.5603 

H.6604 
H.fi605 

H.5606 

.H.sao? 

H.5608 
H.5600 
H.5610 
H.5611 
H.5612 
H.5613 
H.5614 
H.5615 
H.5616 
H.6617 
H.5618 
H.6619 


H.56a0 
H.5e21 
H.6622 
H.5623 


Position. 


Heoeta  U.,  N.  63*  E.,  30 
miles. 


Heoete  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heoeta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heceta  Lt. 

miles. 
HeceU  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heceta  Lt. 
Heceta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heoeta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heceta  Lt., 

miles. 
Heoeta  Lt. 

miles. 
Heceta  Lt. 

miles. 
Heoeta  Lt., 

miles. 
Heoeta  Lt. 

miles. 
Heoeta  Lt.j 

miles. 
Heoeta  Lt. 


Heceta  Lt. 

miles. 
HeoPta  Lt. 

miles. 
Heoeta  Lt., 

miles. 
Heoeta  Lt. 

miles. 


N.  m*  E.,  28^ 

N.  63'  E.,  27.9 

N.  63«  E.,  24.9 

N.  (»•  E.,  21.8 

N.  68''  E.,  18.7 

N.  63*  £.,  15.6 

N.  63"  E.,  12.6 

S.  74J*  E.,  7.8 

S.  85*  E.,  10.4 

E.,  13  miles 

N.  86^*  E.,  15.7 

N.  84*  E.,  18.7 

N.  82J*  E.,  21.4 

N.  81J*  E.,  22.6 

N.  81*  E.,  23.9 

N.  80i*  E.,  24.8 

N.  80*  E.,  27.6 

N.  79i*  E.,  28.1 

N.  79*  E.,  29.2 

N.  78J*  E.,  30.2 

N.  80*  E.,  31.4 

N.  78*  E.,  32.7 

N.  77*  E.,  33 

N.  76*  E.,  32.3 

N.  77J*  E.,  31.6 


Umpqua  River  Lt.,  N.  66J* 

E.,  9.8  miles. 
Umpqua  River  Lt.,  N.  56* 

E.,  9  miles. 
Umpqua  River  Lt..  N.  43* 

£.,  8.3  miles. 
Umpqua  River  Lt.,  N.  36* 

E.,  8.2  miles. 


Chart. 


C.5. 
6000 


6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 
6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 

6000 


6000 

6000 
6000 

6000 


Date. 


1914. 
May  28 


,..do 

...do.. 
..do.. 
..do.. 
..do.. 

..do 

..do 

May  29 
..do.... 


..do.... 
..do.... 


..do.. 

..do 

..do... 
..do... 

..do 

..do... 
..do... 
..do... 
..do..., 
..do... 
.  .do... 
..do... 
..do... 
..do... 


Aug.  29 
..do...... 

..do 

..do 


Time  of 
day. 


2.10  p.m. 


5.36  a.  m. 
6.14  a.  m. 


9.24  a.  m. 

11.56  a.  m. 

1.00  p.  m. 

1.15  p.  m. 


Depth. 


75 


Character  of 
bottom. 


fne.  bk.8.,£ne.Q. 


8hl.,rky.;  bk.8. 

gn.M.,bk.8 

8hl.,hrd.M 

gn.M 

....do 

do 


Digitized  by 


Google 


DREDGING  AND  HYDBOGBAPHIC  RECORDS.  97 

bmwTiGATiONB  OFF  Obeoon-Washinoton  Coasts,  1914  AND  1916 — Continued. 


'Tempentnre. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

i 

-< 

J 

1 

Surl. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

5 

Remarks. 

'F. 
56 

57 
57 
57 
57 
56 
53 
53 
53 
53 

F. 

♦M.1 

54.0 
510 
510 
M.0 
AO 
6L0 
52.0 

5ao 

5ao 

flao 
5ao 

5ao 

5ao 

5ao 

52.0 
52.0 
53.0 
58.0 
52.0 
50.0 
52.0 
52.0 
52.0 
52.0 

•F. 

81.71 

Tnr.-Bllshsdr.; 
25-lb.    lead; 
Ek.  bot.: 
Alb. amp.;  2 
skates. 

Tnr.-BllsOisdr.; 

25-lb.load. 
do 

botm... 

60 

w. 

Lowered  aft  dory  at 
2.19  with  2  fl^er- 
men;  hoisted  at 
4.22.  Lowered  f 'wd 
dory  at  2.20;  hoist- 
ed at  4.15  p.  m. 
Ek.  bot.  lowered  to 
loom.;  did  not  trip 
until  hauled  up  to 
00  m.  Salt  herring 
bait. 

do 

o 

do 

......do 

do 

do 

do 

do 

do 

M 

do 

55 
65 
S6 

56 
56 

56 
56 

58 
56 
56 
50 
5S 
» 

do 

do  .... 

do 

do 

do..  .  . 

do 

do 

do 

do 

do 

.    -do. 

do 

do 

83.08 

Tnr.-Blblisdr.; 
25-lb.    lead; 
Alb.smp.;  2 
skates. 

Tnr..R|f#hfdr,; 

botm... 

60 

Lowered  f  wd  dory 

53 
52 
515 
53 

47.0 
47.0 



at  11.15;  hoisted  at 

1.22  p.  m.;  low- 
ered aft  dory  at 
11.16;    hoisted    at 

1.23  p.  m.;  2  fisher- 
men in  each.  Salt 
herring  bait. 

36-lb.lead. 
do 

do 

do 

8572*— 21- 
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station 
num- 
l)er. 


PosiUon. 


Chart. 


Date. 


Time  of 
day. 


Depth. 


ChaiBcterof 
bottom. 


H.5a34 


H.5625 
H.56a6 
H.5627 
H.5628 
H.5629 
H.5630 
H.5631 
H.5632 

H.5633 


Umpouajliver  Lt.,  N.  2^* 
S.i  8.2 


Capo  Arago  Lt.,  S.  ?!•  E.,  2.6 

miles. 
Cape  Arago  Lt.,  S.  85*  £.,  3.3 

miles. 
Cape  Arago  Lt.,  N.  87*  E.. 

4.1  miles. 
Gape  Arago  Lt.,  N.  82*  E.,  5 

miles. 
Cape  Arago  Lt.,  N.  78*  E.,  6 

miles. 
Cape  Arago  Lt.,  N.  76*  E., 

6.9  miles. 
Cape  Arago  Lt.,  N.  73)*  E., 

8milee. 
Cape  Arago  Lt.,  N.  72*  £., 

9miles. 


Cape  Arago  Lt.,  S.  20i*  E., 
2.7  miles. 


H.fie84    Capo  Arago  Lt.,  S.  28*  £., 

3.6  mUes. 
H.5635     Cape  Arago  Lt.,  S.  34*  E., 

4.6  miles. 
H.5e36    Cape  Arago  Lt.,  S.  37i*  E., 

5.6  miles. 
H.6637     Cape  Arago  Lt.,  8.  40*  E., 

6.4  miles. 

H.5638    Cape  Arago  Lt.,  S.  41*  E., 

7.5  miles. 
H.5639     Cape  Arago  Lt,  S.  43*  E., 

8.5  miles. 
H.6640     Capo  Arago  Lt.,  S.  44*  £., 

9.6  miles. 

H.6641     Cape  Arago  Lt.,  8.  45*  £., 

>      10.5  miles. 
H.5642     Cape  Arago  Lt.,  N.  58*  E., 

9.1  miles. 

H.5643  ;  Cape  Arago  Lt.,  N.  51*  E., 

9.3  miles. 
H.5644     Cape  Arago  Lt.,  N.  45 J*  £., 

9.5  miles. 
H.5645     Cape  Arago  Lt.,  N.  40*  £., 

9.9  miles! 
H.5646    Cape  Arago  Lt.,  N.  34*  £., 

I      10.3  miles. 
H.5647     Cape  Arago  Lt.,  N.  29*  E., 

10.8  milra. 
H.5048    Gape  Arago  Lt.,  S.  1*  £., 

3.3  miles. 

H.5649    Cape  Arago  Lt.,  8.  1*   E., 

4.4  miles. 

H.5650  I  Cape  Arago  Lt.,  8.  2i*  E., 

5.5  miles. 

I 

H.5651  I  Cape  Arago  Lt.,  8.  5*  W., 

8.2  mfles. 

H.5652    Cape  Arago  Lt.,  8.  9*  W., 

11.2  mUes. 
H.5653     Umpqua  River  Lt.,  N.  43* 

E.,7.6mUee. 


a  Si 

6000 


6000 

eooo 

6000 
6000 
0000 
0000 
0000 
0000 

0000 


0000 
0000 
6000 
0000 
0000 
0000 
0000 
6000 
0000 
0000 
0000 
0000 
0000 
0000 
6000 
6000 
6000 

0000 
0000 

eooo 


1914. 
Aug.  39 


Aug.  30 
...do...., 
..do..... 
t.do..... 
...do...., 

...do 

..do 

...do 

...do.... 


...do.... 
...do.... 
...do... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
Aug.  31 
...do.... 
...do.... 

...do.... 
...do.... 
...do.... 


1.50  p.m. 


7.28  a.  m. 
7.38  a.  m. 
7.50  a.  m. 
8.01  a.  m. 
8.12  a.  m. 
8.23  a.m. 
8.35  a.  m. 
9.12  a.m. 

1.56  p.  m. 


2.1U  p.  m. 
2.22  p.  m. 
2.34  p.  m. 

2.46  p.  m. 
2.58  p.  m. 
3.08  p.  m. 
3.21  p.  m. 
3.33  p.m. 
5.52  p.  m. 
6.04  p.m. 
6.10  p.  m. 
6.26  p.  m. 
0.86  p.  m. 

6.47  p.  m. 
5.21  a.  m. 
5.37  a.  m. 
5.^  a  m. 

9.20  a.m. 
9.46  a.  m. 
10.13  a.  m. 


Fma. 
30 


fne.  gy.  S. 


89 
45 
44 

56 
67 
69 
05 

80 


....do 

....do 

....do 

....do 

....do 

8hL,hrd.K 

ShL,  gran. . 

toe.  gy.  8.. 


do 

do 

....do 

fne.  gy.  8 

do 

8hl.,gran 

fnc.G 

8hl.,hrd.M 

fne.  G 

ShL,rky.,Co 

SbL,gran 

toe.  gy.  8 

do 

do 

do 

do 

fne.gy.8.,ga.M.. 
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1  Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

l' 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

O 

Remarks. 

'F. 
S3 

54 

44  n 

T. 

83.78 

33.08 

• 

Tnr.-BllBbsdr.; 
25-lb.    lead; 
Ek.   bot.; 
2  skates. 

Tnr.-BUshsdr.: 

Mbi. 
120 

Mi. 

LonraPid  fwd  dory 

at  1.2«;  hoisted  at 
4.05  p.  m.  Low^ 
cred  •  aft  dory  at 
1.24;  hoisted  at  4,10 
p.   m.     Ek.   bot. 

at  1.45.  Fresh  saf- 
moQbaU. 

bi    44.0 
55    44.0 
55    4A.Q 

• 

25  It).  lead. 
do 

do 

.do.    . 

: 

57 

57 

5S 

45.0 
45.0 
45.0 
♦SBL5 

40.0 

.do..  . 

...do.    .  . 

.do 

33.78 

32.00 

Tnr.'BUshsdr.: 
26-lb.    lead: 
£k.  bot.;  2 
skates. 

Tnr.-BUshsdr: 
25-lb.  lead;  2 
skates. 

.     ..do 

botm... 
...do.... 

120 
120 

Both  dortes  out  8.51 

a.  m.ji'wddoryin 
11.50,  9it  dory  In 
12.11  p.  m.    Fresh 

'  salmon  bait. 

Both  dories  out  1.50; 

• 

fwd  dory  to  4.41, 
aft  dory  in  4.43. 
Temp,  taken  at 
4.30.  Fresh  sal- 
mon bait. 

do 

Tnr.-BUshsdr.; 

25-lb.  lead, 
do 

do 

.  do 

..    .  do 

do 

' 

53 

47.0 
47.0 
47.0 
47.0 
47.0 
47.0 
45.0 
45.0 
45.0 

4A.0 
4A.0 
46.0 

do 

52 

do 

Temp,  taken  at  G.OO 

53 

do 

p.m. 

iss 

.  do  ........ 

53 

do 

53 

do 

47 

do 

47 
55 

.do 

# ' 

33.57 

Tnr.-Bllshsdr.; 
25-lb.    lead; 
2  skates. 

Tnr.-BUshsdr.; 

botm... 

120 

F'wd  dory  out,  5.50; 

tn,  8.39.  Aft  dory 
out,  5.51;  in,  8.4U. 
Fresh  sahnon  bait 

i» 

2o-lb.  lead. 

1 

do 
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station 
fimn« 

ber. 

Poeition. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

caiantetaro 
bottom. 

as. 

1014. 

Fm9, 

H.6664 

TJmpqaa  River  Lt.,  N.  67* 
B.,6mikB. 

6000 

Aug.  81 

10.38  a.m. 

56 

gn.M 

••*•  «*•-••*• - 

H.5«65 

Umpqua  River  Lt.,  S.  87»  E., 

6000 

...do 

11.06  a.m. 

51 

do 

H.5e66 

Umpqua  River  Lt.,  S.  45'  £., 
4.6  miles. 

0000 

...do 

11.30  a.m. 

•51 

do 

H.5e67 

Umpqaa  River  U.,  S.  26i* 
E.,7.1inJIeB. 

0000 

...do 

12.00  noon. 

63 

do 

H.665S 

Umpqua  River  Lt,  8.  W  E., 

6000 

...do 

12.36  p.m. 

64 

do 

H.5669 

Umpqua  River  Lt,  S.  14'  E., 
12.7  mills. 

...do 

12.cr  p.  nL 

65' 

do 

H.R6<V) 

Umpqua  River  Lt,  S.  11'  E., 

15.6  mUee. 
Umpqua  River  Lt,  8. 9i'  E., 

18.6m0eB. 
HooetaLt.,N.  291' E.,  11.25 

mflra. 
Heoeta  Lt.,  N.  28*'  E..  10.8 

mika. 

6000 

...do 

1.15  p.  m. 

65 

H.6661 

0000 

...do 

1.41  p.  m. 

48 

fDB.g7.S 

H.6602 

6000 

...do 

1.50  p.m. 

C 

do 

H.56d8 

0000 

...do 

2.00  p.  m. 

42 

.....do 

H.M64 

Heoeta  Lt,  N.  aOi'  B.,  0.8 
miles. 

6000 

...do.... 

5.12  p.m. 

41 

ftie.0..llie.gy.8. 

H.M66 

Heoeta  U.,  N.  37}'  E.,  6.9 
miles. 

0000 

...do 

5.40  p.m. 

35 

Iiie.gy.b.. ....... 

H.M06 

Heoeta  U.,  N.  63'  E.,  4.3 
miles. 

0000 

...do 

6.10  p.  m. 

33 

do 

H.5a67 

Heoeta  Lt,  N.  8^*  S|  3.8 
miles. 

0000 

...do 

6.38  p.m. 

31 

do 

Jn«  oOdq 

Heeeta  Lt.,  N.  88'  E.,  26.9 

miles. 
Heoeta  Lt.,  N.  83'  E.,  27.9 

0000 

Sept.   1 

6.20  a.m. 

56 

Bhl.,hid.M 

H.M0O 

0000 

...do 

5.31  a.  m. 

63 

do 

mike. 

H.W70 

Heoeta  Lt.,  N.  83'  E.,  29 
miles. 

0000 

...do 

5.41  a.  m. 

55 

do 

H.wn 

HcoeU  Lt.,  N.  83'  E.,  30.1 
miles. 

0000 

...do 

5.53  a.  m. 

65 

do 

TT.  5072 

HeoeU  Lt.,  N.  82'  E.,  31.3 
miles. 

0000 

...do 

6.04  a.m. 

83 

Shl..rkv 

t^MMM.f  amj  .......... 

H.fi873 

Heoeta  Lt.,  N.  82'  E.,  31.8 
miles. 

0000 

...do 

6.13  a.  m. 

114 

toe.bk.S 

H.«74 

Heoeta  Lt.,  N.  80|*  E.,  31.5 
mUcs. 

0000 

...do 

6.31  a.  m. 

84 

Shi.,  hid.  M 

H.B«76 

HeoeU  Lt.,  N.  78|'  E.,  81.2 
mUes. 

6000 

...do 

6.46  a.m. 

80 

8hl.,rky.,gran... 

H.fi676 

Heoota  U.,  N.  78i»  E.,  81.7 
mUes. 

6000 

...do 

6,57  a.  m. 

93 

cn.bk.8.,&ie.G.. 

H.«n7 

HeoeU  U.,  N.  78i*  E.,  32.2 

6000 

...do 

7.10  a.  m. 

131 

ibe.bk.8 

miles. 

H.W78 

HeoeU  Lt,  N.  79*'  E.,  32.1 
miles. 

6000 

...do 

7.22  a.m. 

139 

do 

H.fie79 

HeoeU  Lt,  N.  79*'  E.,  81.7 
miles. 

6000 

...do 

7.35  a.m. 

88 

Bhl.,  gran.,  fne.  G . 

H.fi680 

HeoeU  Lt.,  N.  79'  E.,  31.2 
miles. 

6000 

...do 

7.47  a.  m. 

71 

era.  8.,  For 

H.fi681 

HeoeU  Lt.,  N.  79'  E.,  31.4 
miles. 

0000 

...do 

8.00  a.  m. 

83 

Shi.,   gran.,   the. 

bk.s: 

H.M82 

HeoeU  Lt.,  N.  84|'*E.,  81.2 
miles. 

6000 

...do 

11.28  a.m. 

83 

Shi.,  hid.  K 

H.»83 

HeoeU  Lt.,  N.  89*  E.,  31.1 
miles. 

6000 

...do 

11.56  a.m. 

80 

do 

H.fi684 

HeoeU  Lt.,  S.  86'  E.,  31.3 
miles. 

6000 

...do 

12.30  p.m. 

68 

do 

H.6686 

HeoeU  Lt.,  8.  81i*  E.,  31.8 
miles. 

6000 

...do 

13.55  p.m. 

71 

Shl.,rky.,bk.S... 

H.fi686 

HeoeU  Lt.,  8.  79i'  E.,  32 
mUes. 

6000 

...do 

1.06  p.m. 

77 

toe.bk.S 

H.6687 

HeoeU  Lt,  S.  77J'  E.,  32.2 
miles. 

6000 

...do 

1.33  p.m. 

80 

^^lJi.l~'   "*'• 
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Remarks. 


50 

59 

40.0 
47.0 
47.0 

Tiir.-BUsliwlr.; 

25- lb.  lead. 
do 

do 

do 

do 

do 

do 

do 

do 

5tf 
63 
62 
62 
50 
SO 
50 
SO 
51 
51 
51 
51 
51 
51 
51 
51 
51 
58 

•48.8 

47.0 
47.0 
47.0 
47.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
42.0 
4X0 
•57.2 

40.4 

33.02 

• 

33.53 

Tnr.-BUahsdr.; 
25-Ib.    lead; 
Ek.  bot.; 
2  skates. 

Tnr.-BUshsdr.; 

25-lb.lead. 
do 

botm  .. 

120 

do 

% 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

» 

40.05 

33.03 

31.73 

Tnr.-BUshsdr.; 
89-lb.    lead; 
Ek.  bot.;  2 
skates. 

Tnr.-BUshsdr.; 

89-lb.  lead. 
do 

botm... 

120 

SO 

SB 

SB.5 

S» 

SB 

54.0 
54.0 
54.0 
54.0 
54.0 

do 

do 

do 

do 

Temp,  taken  at  4.55. 
F'wd  dory  oat 
2.00;  in,  4.1».  Aft 
dory  out,  2.00;  in, 


F'wd  dory  out,  8.06; 
in,  11.01.  Aft  dory 
out,  8.05;  In,  ll.Ol 
Fresh  salmon  bait. 
Temp,  taken  at 
8.30. 


Temp,  taken  at  12.01 
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station 
ber. 


Position. 


niart. 

Date. 

as. 

6000 

1914. 
Sept.  1 

eooo 

...do 

uooo 

...do 

0000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do..... 

6000 

...do..... 

6000 

...do 

6000 

Sept.  2 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do.... 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

,6000 

...do 

6UU0 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

6000 

...do 

Time  of 
day. 

Depth. 

1.33  p.m. 

Fnu. 
92 

1.39  p.m. 

87 

5.05  p.  m. 

82 

5.30  p.  m. 

62 

5.57  p.  m. 

55 

6.21  p.  m. 

51 

8.47  p.m. 

54 

7.14  p.m. 

47 

7.40  p.m. 

44 

8.05  p.  m. 

43 

8.31  p.  m. 

30 

8.52  p.  m. 

47 

5.34  a.  m. 

39 

5.49  a.m. 

4« 

6.14  a.  m. 

33 

6.39  a.  m. 

43 

7.04  a.  m. 

61 

7.16  a.m. 

67 

7.30  a.m. 

63 

10.57  a.  m. 

44 

11.08  a.m. 

40 

11.21  a.  m. 

42 

11.33  a.m. 

42 

11.45  a.m. 

42 

11.56a.m. 

42 

1.43  p.m. 

29 

1.57  p.  m. 

33 

3.00  p.  m. 

42 

4.07  p.  m. 

34 

5.06  p.  m. 

28 

t^haracterof 
bottom. 


H.5688 
H.5689 

H.5000 
H.5e91 
H.5692 
H.5093 
H.5694 
H.5095 
H.5096 
H.5697 
H.5698 
H.5699 
H.5700 
H.5701 
H.5702 
H.5703 
H.5704 
H.5705 
H.5706> 

H.5707 
ri.  6708 
H.5709 
H.5710 
H.5711 
H.5712 
H.  5713 
H.5714 

H.5715 
H.5716 


Heoeta  Lt.,  8.  76*  E.,  32.6 

miles. 
HeceU  Lt.,  6.  76*  E.,  32.1 

.mUes. 


HeoeU  Lt.,  8.  73*  E.,  29.6 

miles. 
Heceta  Lt.,  8.  «)*  E.,  27.8 

miles. 
Heceta  Lt.,  S.  64*  E.,  25.8 

miles. 
Heceta  Lt.,  S.  58*  E.,  24.2 

miles. 
Heceta  Lt.,  S.  61*  E.,  22.9 

miles. 
Yaquina  Lt.,  N.  SO*  E.,  23.8 


Yaonina  Lt.,  N.  53 •  E.,  20.9 

miles. 
Yaquina  Lt.,  N.  67*  E.,  18.2 

Yaquina  Lt.,  N.  62J*  E.,  15.5 

miles. 
Yaquina  Lt.,  N.  09}*  E.,  13. 1 

miles. 
Yaquina  Lt.,  N.  53*  E.,  8.8 

miles. 
Yaquina  Lt.,  N.  57**  E.,  11.6 

miles. 
Yaquina  Lt.,  N.  60*  E.,  14.5 

Yaouina  Lt.,  N.  02*  E.,  17.4 

miles. 
Yaouina  Lt.,  N.  63*  E.,  20.2 

miles. 
Yaquina  Lt.,  N.  63*  E.,  21.2 


faqulna 
miles. 


Yaquina  Lt.,  N.  63*  E.,  20.7 
miles. 


Yaquina  Lt.,  N.  54*  E.,  19.7 

miles. 
Yaouina  Lt.,  N.  51*  E.,  19.7 


Yaquina  Lt.,  N.  48*  E.,  19.7 

miles. 
Yaquina  Lt.,  N.  46*  E.,  19.8 


faquL 
milei 


Yaquina  Lt.,  N.  42*  E.,  19.9 

Yaquina  Lt.,  N.  39*  E.,  20 

miles. 
Yaquina  Lt.,  N.  53*  E.,  5.8 

nuJes. 
Yaquina  Lt.,  N.  62*  E.,  6.4 

miles. 


Yaquina  Lt.,  N.  77J*  E.,  8 
miles. 

Yaouina  Lt.,  8.  84*  E.,  5.1 


bk.  8.. 


8hl.,rky.,hnl.M. 
fne.  bk.  8. 

toe.bk.8 j 

8hl.,hid.M 

8hl.,rky..Co 

8hl.,rky 

Shl..hrd.M 

crs.O.,fcie.O ' 

8hl.,rky.,Co ' 

fne.£y.S.,cn.O., 

P. 
Shi.,    rky.,    Co.,  , 

fne.  O. 
era.  gy.  8.,  For 

do. 

do 

Shl.,hrd.JC ' 

crs.gy.S 

cra.O 

Shl.,rky.,bk.8.... 

crs.Gr.S.,fhe.  G., 


Shi.,  gran.,  cn.gy. 

8.,fae.  G. 
Shi.,  nan.,  fne.  gr. 

S.,nie.G.,crs.^. 
fne.gy.S.,fQe.G... 


Shi.,  gran. 
fne.gy.8.. 

do 

crs.gy.8.. 
do 


crs.gy.8.,fne.O. 
cr&gy.S 


H.  5717     Yaquina  Lt.,  S.  80*  E.,  2.8 
nules. 


....do 
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iNYBsnoATiONs  OFF  ORSooN-WAsmNOTON  C0A8T8,  1914  AND  1915 — Continued. 


Tempfntxire. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

^ 

1 

Sorf. 

Botm. 

Depth. 

Dnra^ 
tton. 

Direction. 

Q 

Remarks. 

60 

M.0 

•J-. 

TnL-Blisbsdr.; 

Mht. 

Jfi. 

46.06 

33.55 

32.34 

82-lb.  lead. 
Tnr.-BUshsdr.; 

33-lb.    lead; 

Ek.  bot.;  2 

skates. 
Tnr.-BUshsdr.; 

botm... 

120 

F'wd  dory  out,  1.40; 

in,  4.31.    Aft  dory 

•  out,  1.39;  in,  4.40. 

Fresh  salmon  bait 

32-lb.lead. 
...do 

58 
56 
57 

53.0 
5S.0 
53.0 
53.0 
58.0 

Tnr.-BUshsdr.: 

32-lb.ieftd, 
..do 

...do 

57 

...do 

57 

.....do 

-do. 

' 

.do. 

.do. 

51 

48.0 
48.0 
48.0 
48.0 
48.0 
40.0 
•30.8 

49.0 
40.0 
49.0 
40.0 
49.0 

.do. 

» 

.do.    . 

53 
53 

52 
53 
52 

37 
57 
57 
56 
56 

.do.    . 

....do 

....do 

.....do 

46.95 

33.95 

32.54 

Tnr.-BUshsdr.; 
82-lb.    lead; 
Ek.  bot.; 
2  skates. 

Tnr.-BUshsdr.; 

botm... 

120 

F'wd  dory  out,  7.33; 

hi,  10.22.  Aft  dory 
out,  7.33;  in,  10.26. 
Temp,  taken  at 
7.S0  a.  m. 

32-lb.  lead, 
.do 

.do 

..do 

...do 

.do. 

.do. 

' 

Tnr.-BUshsdr.; 
82.1b.    lead; 
oys.dr.;  160- 
Ib.  sinker. 

Tnr.-BUshsdr.: 
33-lb.lead;9' 
Ag. 

Tnr.-BUshsdr.; 
82.1b.  lead;  9' 
Ak.;  2  trlm- 
mjngwts. 

do 

botm... 

...do.... 
...do.... 

...do.... 

I'J 

19 
17 

15 

S.WE... 
8 

1 

1 

1 

.7 

Cable  out  100  fms. 

Cable  out  120  fms. 

57 

» 

54.0 
54.0 

8.  WW.. 
8    .. 

Cable  out  170  fms. 

Sheave  at  lower  end 

of  boom  failed  to 
turn  at  times. 
Cable  out  100  fms. 

Digitized  by 


Google 


104  U.  S.  BUBEAU  OF  FISHERIES. 

Drbdoing  and  HYnROORAPRic  Rbcobds  Secured  During  Halibut 


Statton 
num- 
ber. 


H. 6718 


n. 5719 
H.ff720 
H.6721 
H.5722 
H.5723 
H.87a4 
H.5725 
H.57a6 
H.5727 
H.6728 
H.6729 
H.5730 
H.5731 


H.6732 


H.6733 
H.5734 
H.5736 
H.5736 
H.5737 
H.6738 
H.6739 
H.5740 
H.6741 
H.5742 
H.5743 


H.5744 

H.5745 
H.5746 
H.5747 


Position- 


Yaquina  Lt.,  N.  7«'  E.,  4 
nules. 


Yaqulna  Lt.,  N.  84*  E.,  6.5 

nules. 
Yaqnina  Lt.,  N.  86*  E.,  0.6 

Yaoulna  Lt,  N.  85|*  E.,  7.6 

YsQulDa  Lt,  N.  86*  E.,  8.6 

Yaqulna  Lt,  N.  88}*  E.,  9.6 

Yaqolna  Lt,  N.  87*  E.,  ia6 

Yaqulna  Lt.,  8.  77*  B.,  8.7 

imleB. 
Yaqulna  Li,  8.  60}*  E.,  8 

Yaqulna  Lt,  8. 48}*  S.,  10.8 

Yaqulna  Lt,  8. 20}*  B.,  12.7 

Yaqulna  Lt,  6.  8*  E.,  16 

Cape  Kiwanda,  N.  23}*  E., 

14.8  miles. 
Cape  Kiwanda,  N.  26}*  E., 

ISJBmUes. 


Cape  Kiwanda,  N.  31*  E., 
12.2  miles. 


Cape  Kiwanda,  N.  22*  E., 

10.6  miles. 
Cape  Kiwanda,  N.  20}*  E., 

13:5  mUes. 
Cape  Kiwanda,  N.  84*  B., 

10.1  miles. 
Cape  Kiwanda,  N.  77*  E., 

8.7  miles. 

Cape  Kiwanda,  8.  70*  E.,  10 

miles. 
Cape  Meares  Lt,  N.  66*  E., 

4.8  miles. 

Cape  Meares  Lt.,  8. 80*  E.,  4 

miles. 
Cape  Meares  Lt,  8.  49}*  E., 

5.5  miles. 

Cape  Meares  Lt,  8.  33*  £., 

7.8  miles. 
Cape  Meares  Lt.,  8.  28*  E., 

8.6  miles. 

Cape  Meares  Lt.,  8.  25*  E., 
9.4  miles. 


Cape  Meares  Lt.,  8.  15*  E., 

12  miles. 
Cape  Meares  Lt.,  8.  9*  B., 

14  miles. 
Cape  Meares  Lt.,  8.  12*  E., 

16.8  miles. 
Tillamook  Lt,  N.  17J*  E., 

8.1  miles. 


a  a. 

6000 


6000 
6000 
6000 
6000 
6000 
6000 
6O0O 
6000 
6000 
6000 
6000 
6000 
6000 


0000 


6000 
6000 
6000 
6000 

6000 
0100 
6100 
0100 
0100 
0100 
0100 


OHW 
0100 
0100 
0100 


1914. 
Sept.   2 


Sept.  3 
...do..... 
...do..... 
...do.... 
...do...., 
...do..... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 


.do., 


-.do 

..do 

..do 

..do 

..do 

8ept.   4 

-.do 

..do 

..do 

..do 

..do.... 


...do.... 
...do.... 
...do.... 
...do.... 


6.63  p.  m. 


6.44  a.  m. 

6.06  a.  m. 

0.21  a.  m. 

6.41  a.  m. 

6.60  a.m. 

7.18  a.  m. 

7.59  a.  m. 

8.50  a.m. 

9.26  a.  m. 
10.06  a.  m. 
10.43  a.  m. 
11.20  a.m. 
11.32  a.m. 


11.51a.m. 


12.50  p.  m. 
2.28  p.  m. 
3.40  p.  m. 
5.08  p.  m. 
6.47  p.m. 
5.12  a.m. 
5.34  a.  m. 
6.05  a.  m. 
6.24  a.  nL 
6.36  a.  m. 
6.47  a.  m. 


9.50  a.m. 
10.16  a.  m. 
10.41  a.  m. 
11.08  a.  m. 


Depth. 


Fnu. 
33 


60 


Character  of 
bottom. 


crs.  gy.  8, 


med.gy.S 

do 

do 

do 

do 

8hl.,nan.,fhe.g7. 

8.,  For. 
tne.gy.8 

do 

do 

do 

do 

do 

do 


do 


*• j 

crs.  gy.  8.,  crs.  G.,  i 

fne.  O. 
crs.g7.8 

fne.g7.S 

I 
...do 

...do 

...do 

...do 

...do 

...do 

...do 

I 

do 

crs.gy.S 

fno.gy.S 

do 
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DREDGING  AND  HYDR06RAFHIC  HBCORDS.  105 

Ikveshoahons  off  Orbook-Washinoton  Coasts,  1914  and  191&-<k>ntinued. 


Temperature. 

Salinity. 

Afipamtus. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Directioii. 

Q 

Remarks. 

'F. 

52 

52 
52 
52 

'F. 

51.0 
51.0 
51.0 
52.0 
52.0 
52.0 

•/*. 

Txir.rBUsk9dr.; 
33-lb.    lead; 
oys.    dr.;    2 
trimming 
wts.;  150.1b. 
sinker. 

Tnr.-BUshsdr.; 
32.1b.  lead. 

do 

botm... 

Min. 
154 

S.«7«E... 

Mi. 

I 

Cable  oat  120  fms 

. . 

do 

'52 

do 

!. 

do 

52 

do 

do. 

do 

do 

do 

' 

-.  ..do. 

..  ..do. 

5S 

58.0 

53.0 

53.0 
53.0 
53.0 
53.0 
53.0 

45.0 

32.57 

31.33 

Tnr.-BUshsdr.; 
32-lb.    lead; 
Ek.  bot.;  2 
skates. 

Tnr..BUshsdr.; 
32.1b.    lead; 
oys.  dr.;  ISO- 
lb.  sinker;  3 
trimming 
wts. 

do 

botm... 

...do.... 

...do.... 
...do.... 
...do.... 

IX 
201 
15 

F*wd  dory  out.  11.325 
In,  2.12.  Aft  dory 
out,  11.32;  in,  2.0l 
Fresh  salmon  bait. 
Ek.  bot.  lowered  at 
1.40  to  75  fms. 

Gable  out  200  fkns.  A 

5S.5 

B.26'E... 

...do 

...do...... 

-do 

1 

1 
1 
1 

58 

smaU  bole  was  torn 
In  wire  netting. 

57 
57 

1 
58 



do 

do 

Tnr.-BU8hsdr.; 

32.1b.  lead. 
do 

do 

.  do 

...  do 

.do 

.  ..do. 

58 
38 

•58.5 

54.0 
54.0 
54.0 
M.0 

45.75 

33.60 

30.75 

Tnr.-BUshsdr.; 
32.1b.    lead; 
Ek.  bot.; 
2  skates. 

Tnr.-BUshsdr.; 
32.1b.  lead, 
.do. 

botm... 

120 

F'wd  dory  out,  6.40; 

In,  9.30.  Aftdorv 
out,  6.49;  in,  9.2a. 
Temp,  taken,  7.10 
a.  m.  Fresh  sal- 
mon bait. 

57 

57 

.      -do. 

',57 

.      .do 

1 
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106  V.  3.  BUItBATT  OF  FISHERIES. 

Dredging  anb  Htdrographic  Records  Secured  Dttrino  Haubdt 


StaUon 
Dimi- 
ber. 


Positlozi. 


Chart. 


Date. 


-lima  of 
day. 

Depth. 

11.81  a.  m. 

Fmt. 

48 

11.88  a.m. 

46 

12.10  p.  m. 

64 

12JI7p.m. 

60 

30)8  p.  m. 

44 

4.S1  p.m. 

40 

5.07  p.m. 

43 

6.43  p.m. 
«.10p.m. 

41 

36 

7.11a.m. 

37 

7J6a.m. 

36 

8.00  a.m. 

44 

8.86  a.m. 

40 

8.43  a.m. 

67 

0.00  a.  m. 

63 

0.11a.m. 

67 

0.34  a.  m. 

71 

0.46  a.m. 

66 

10.08  a.  m. 

00 

10.30  a.m. 

66 

10.87  a.  m. 

60 

10.64  a.  m* 

44 

11.13  a.  m. 

40 

11.30  a.  m. 

38 

1.08  p.  m. 

60 

1.16  p.m. 

73 

1.20  p.m. 

74 

7JI6a.m. 

00 

7.67  a.m. 

68 

8.18  a.m. 

140 

8.48  ft.  m. 

06 

8.68  a.m. 

77 

0.02  a.  m. 

74 

0.13  ft.  m. 

74 

Chancterof 


H.6748 
H.5740 
H.6750 
H.5751 

H.6752 
H.6753 
H.6754 
H.6756 

H.5766 
H.5757 
H.6768 
H.6750 
H.5760 
H.5761 
H.5763 
fi.5763 
H.6764 
H.5765 
H.5766 
H.6767 
H.5768 
H.570e 
H.6T70 
H.6771 


H.5772 
H.5773 
H.6774 

H.6775 
H.6776 
H.6777 
H.5778 
H.5779 
H.5780 
H.6781 


Tillamook  U.,  N.  38«  E., 

7.5  mikM. 
Tillamook  Lt.,  N.  30*  E.,  7 

miles. 
Tillamook  Lt.,  N.  36**  E., 

8.7  miles. 
Tillamook  Lt.,  N.  48}o  B., 

8.2  miles, 

TUlamook  Lt.,  N.  66}*  B., 

4.3  miles. 

Tillamook  Lt.,  8. 68*  E.,  3.0 

miles. 
Tillamook  Lt.,  8. 36*  E.,  6.6 

Tillamook  Lt.,  8. 38*  B.,  10.5 
miles. 

North  Head  Lt.,  N.  31*  B», 

0.4  miles. 
Capo  Shoalwater  Lt.,  8.  88* 

£.,  7.0  miles. 
Capo  Shoalwater  Lt.,  8.  83* 

£.,  10.8  miles. 
Cape  Shoalwater  Lt.,  8.  83* 

E.,  13.8  miles. 
Capo  Shoalwater  Lt..  8.  83* 

E.,  16.7  miles. 
Cape  Shoalwater  Lt.,  8.  83* 

E.,  10  miles. 
Cape  Shoalwater  Lt.,  8.  81* 

E.,  21.1  miles. 
Cape  Shoalwater  Lt.,  8.  81* 

£.,  22.2  miles. 
Cape  Shoalwater  Lt.,  8.  80* 

£.,  28.3  miles. 
Cape  Shoalwater  Lt.,  8.  76* 

E.,  23  miles. 
Cape  Shoalwater  Lt.,  8.  70* 

£.,  22.9  miles. 
Cape  Shoalwater  Lt.,  8. 65)* 

B.,  21.0  miles. 
Cape  Shoalwater  Lt.,  8. 604* 

E.,  21  miles. 
Capo  Shoalwacer  Lt.,  8. 564* 

E.,  20.5  miles. 
Cape  Shoalwater  Lt.,  8.  60* 

E.,  20.8  miles. 
Cape  Shoalwater  Lt.,  8.  49* 

E.,  20.9  miles. 


Cape  Shoalwater  Lt.,  8. 57}* 

E.,  34  miles. 
Capo  Shoalwater  Lt.,  8.  57* 

£.,  35  miles. 
Cape  Shoalwater  Lt.,  8. 56i* 

£.,  36  miles. 

North  Head,  N.  56*  B.,  12.6 

miles. 
North  Head,  N.  67*  B.,  13.1 

miles. 
North  Head,  N.  78*  E.,  14.2 

miles. 
North  Head,  N.  86)*  E.,  16.6 

miles. 
North  Head,  N.  8»J*  E.,  16.3 

miles. 
North  Head,  8.  88*  E.,  16.8 

miles. 
North  Head,  8.  85*  Em  17.8 

miles.        ^ 


C.8, 


6100 
6100 
6100 
6100 

6100 
6100 
6100 
6100 

6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
610O 
6100 
6100 
6100 
6100 


6100 
6100 
6100 

6100 
6100 
6100 
6100 
6100 
6100 
6100 


1914. 
Sept.   4 

..do..... 

..do.... 

..do..... 

...do...., 
...do.... 
...do.... 
...do.... 

..do 

Sept.   6 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 
do.... 


...do.... 

...do.... 

...do 

1915. 
July    0 

...do..... 

...do 

...do...., 

...do.... 

...do..... 

...do..... 


tae.nr. 

,....do.. 
....do.. 
....do.. 


.do., 
.do.. 
..do.. 


tiia.g7.8 

toe.g7.8.,gii.M.. 

tne.gy.S 

do 


im.M 

....do 

....do 

....do 

....do 

....do 

....do 

do 


crs.O.,ftie.0.,gr-. 
ftie.'o.,cn.S 


Rn.M 

Stal.,graii. 
Bn.M 


ihe.  gn.  8. 


ftia.  sn.  8. 
tae.bk.8. 
ftie.g7.8.. 
,....do.... 
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DREDGING  AND  HYDROGKAPHIC  RECORDS.  l07 

iNTBsnoAnoNs  on  Orxoon-Wabhinoton  Ck>AST8, 1914  AND  1916 — Oontmued. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

Sarf. 

Botm. 

Dn>th, 

Dura- 
tion. 

Dlrectfcjn. 

Mi. 

Remarks. 

•F. 

57 

57 
56 
57 

57 

54.0 
54.0 
54.0 
54.0 

55.0 

•F. 

Tnr.-Bliahsdr.: 

Min. 

82-lb.  lead. 
.....do 

.do... 

Tnr.-Bllaihsdr.; 

32.1b.  l«ad:  2 

skateB. 
Tnr.-BUshsdr.; 

82.1b.  lead. 
do 

botm... 

120 

F'wd  dory  out.  12.80. 

in,  3.12.  AUdor.v 
out,  12.30;  in,  8.00. 

.do 

.do 

Lead   wtts   lost   by 

.  ..do 

wire  breaking 
while  heaving  in. 

56 

56 

56 

56 

56 

60 

60 

60 

60 

CO 

CO 

60 

62 

62 

62 
62 

51.0 
51.0 
51.0 
51.0 
51.0 

do 

...do 

do 

do 

. 

.  .do 

5S.0 

58.0 

53.0 

53.0 

53.0 

53.X) 

53.0 

58.0 

53.0 

53.0 
•56.1 

do 

.....do 

.....do 

..do.    ^ 

..do 

..do 

..do 

.  ...do 

:..do 

i5.35 

33.24 

32.47 

Tnr.-BUshsdr.; 
82.1b.    lead; 
i:k.  bot.; 
4  skates. 

Tnr.-BUshsdr.; 

82.1b.  lead. 
do 

botm... 

F*wd  dory  out,  11.28; 

in,  3.10.  Aft  dory 
out,  11.24;  in,  3.ll 
Temp,  taken  at 
11.10  a.m.  and  3.18 
p.  m.  Fresh  sal- 
mon bait. 



do 

"*. 

00 
62 
61 
64 
65 
•'66 

54 
54 
54 
64 
54 
55 
56 

'..... 

E1.8dr.;3Mb. 

lead. 
do  .  .-•.... 



Lead  lost. 

....  do 

Clean  lead. 

An 

Da 

An .- 

...do      .  .  - 

66 

'....  do 
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108  U.  £U  BUBEAT7  OF  FISHBBIE8. 

Dbxdoino  and  Htdbooraphic  Reoobdb  Sbcurbd  DuBDia  Haubut 


Btetion 

Podtion. 

Chart. 

Date. 

Time  of 
day. 

DqpOl. 

Ohameterof 

bottOBL 

H.5782 

North  Head,  S.  82*  E.,  18.7 

North  Head,  S.  80*  E.,  19.4 

miles. 
North  Head,  8.  78*  E.,  20.2 

miles. 
North  Head,  8.  76J*  E.,  21 

North^Head,  8.  75*  E.,  21.7 

miles. 
North  Head,  8.  72*  E.,  20.5 

miles. 
North  Head,  8.  711*  E.,  18w8 

NorthHead/ 8.  71)* E.,  17.4 

North^Head,  8.  71*  E.,  14.2 

North  Head,  8.  70*  E.,  11.5 

miles. 
North  Head,  N.  84*  E.,  13.6 

miles. 
North  Head,  N.  82*  E.,  14.3 

mUes. 
North  Head,  N.  79*  E.,  15.3 

NorthQead,  N.  80*  E.,  16J 

miles. 
North  Head,  N.  85*  E.,  17.6 

NJrthHead,  N.  88*  E.,  18J 

miles. 
North  Head,  N.  87)*  E.,  19.2 

miles. 
North  Head,  N.  87*  E.,  20JI 

miles. 
North  Head,  N.  88)*  E.,  21 

North^Head,  N.  86*  E.,  22 

miles. 
North  Head,  N.  86*  S.,  28 

North^Head,  8.  88*  E.,  22.1 

miles. 
North  Head,  8.  80*  E.,  21.5 

mUes. 
North  Head,  8. 66)*  E.,  22.6 

mUes. 

North  Head,  8.  53)*  E.,  25 

miles. 
Grays  Harbor  Lt.,  8. 67*  E., 

IT^milos. 
Greys  Harbor  Lt ,  8. 67)*  E., 

19'miles. 
Greys  Harbor  Lt.,  8. 67)*  E., 

21^miles. 
Greys  Harbor  Lt.,  8. 67)*  E., 

23  milm. 
Grays  Harbor  Lt.,  8. 68*  E., 

26  mUes. 
Qma  Harbor  Lt.,  8. 68*  E., 

Grays  Harbor  Lt.,8.68*  E., 

29mile8. 
Greys  Harbor  Lt.,  8. 68*  E., 

Similes. 
Grays  Harbor  Lt.,  8. 68*  E., 

38  miles. 
Greys  Harbor  Lt.,  8. 68)*  E., 

85  miles. 
Greys  Harbor  Lt.,  8. 68)*  E., 

36.2  miles. 
Greys  Harbor  Lt.,  8. 68)*  E., 

37.3mUet. 

as. 

6100 
0100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 

aoo 

6100 
6100 
6100 
6100 
6100 

6100 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 

1915. 
July    9 

...do 

...do 

...do..... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da..-. 

...da.... 

...da.... 

...da.... 

^.da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da.... 

...da... 
July  20 
...da.... 
...do..... 
...da.... 
...da.... 

...do 

...do 

...do 

...do 

...do 

...do 

,..do 

9.22  a.m. 

9.88  a.m. 

9.43  a.m. 

9.53  a.m. 
10L08a.m. 
10J0a.m. 
ia39a.m. 
10.38  a.m. 
U.OBa.m. 
lLtSa.m. 
13^  p.  m. 
13.43  p.m. 
13J8p.m. 

L16p.m. 

UOp.m. 

lJOp.m. 

2inp.m. 

9113  p.  m. 

X38p.m. 

2J8p.m. 

2144  p.  m. 

3.13  p.m. 

&dOp.m. 

4.S7p.m. 

6.12  p.  m. 

8.38  a.m. 

8.41a.m. 

8J»ft.m. 

9.16  a.m. 

9.84  a.m. 

9J3a.m. 
10.10  a.m. 
10J»a.m. 
10.46  a.m. 
11.07  a.m. 
11.18  a.m. 
11.80  a.  mi 

76 

77 

81 

86 

135 

88 

87 

85 

69 

50 

217 

218 

341 

348 

Ul 

78 

81 

77 

79 

83 

304 

84 

82 

& 
& 

46 
40 
58 
65 
64 
68 
73 
80 
84 
87 
82 
104 

tne.gy.8 

H.5783 

H.6784 
H.5786 
H.68m 
H.5787 
H.5788 
H.5780 
H.5790 
B.5791 
H.6793 

toa«y.fl 

do 

.....do. ........... 

do 

do 

do 

giLlCftiagy.S.. 
.....do 

fBe.Cy.8... 

H.5793 

fDe.bli.8 

H.5794 

H.5795 
H.5796 

tos.«7.«.fin.M.. 

fn«.Cy,8. 

H.5797 
H.6798 
H.5799 

(taasy.%.,bk.^. 
fkl^gy.9 

H.5800 

bk.8 

H.5801 
H.5802 

do 

bLM 

H.5803 

fDa.bli.8 

H.5804 
H.5806 

fD«.bk.a,6h.(l). 

H.5806 

H.5807 

ors.  O.... 

H.5808 

G 

H.5800 
H.5810 
H.5811 
H.5812 
H.5813 
H.5814 
H.5815 

ftiagy.a 

ftM.bli.8.,ML.... 
toa«ya.,Ml.,M.. 

do 

liie.KF.8.,lfi. 

tiie.or.8.,llL,M.- 

H.5816 

fiie.gy.8 

H.5817 
H.5S18 

do 

cn.^fiio.bk.8.... 
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iNYBsnoATioNs  OFF  Orboon-Wasrington  Coabts,  1914  AND  1915 — Continued. 


TVmperstnre. 

Salinity. 

AppAratos. 

Trial. 

Drift. 

J3 

< 

s 

•F. 
55 

65 

56 

55 

65 

55 

50 

56 

56 

56 

56 

56 

56 

56 

56 

56 

56 

56 

56 

56 

56 

66 

56 

66 

56 
53 
53 
52 
52 
52 
53 
52 
53 
53 
52 
52 
52 

i 

Sorf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

0 

Remarks. 

•F. 

E1.8dr.;30.1b. 
...  do 

Jtftn. 

Mi. 

iffi 

Arming  lost. 

la 

..  do 

1 

M 
M 

« 
66 
65 
65 
66 
66 
66 
66 
65 
64 
65 

....  do 

do 

do 

do 

do 

.  ..  do 

..].  do 

....  do 

do 

do 

do 

* 

•! 

do 

1 

do 

' 

do 

! 

66 

.  ..  do 

1 

65 
65 

66 

do 

do 

do 

1 
160 

do 

68 
69 

68 
62 

..  do 

do 

Soandlng  wire  was 
only  2gi5  fms.  long; 
wire  all  let  out,  but 
no  botm. 
Do. 

do 

1 

El.  sdr.;  35-lb. 

Ind. 
do 

1 

.    1 

62 

1 

62 

do 

,61 

do 

I 

do 

«< 

do 

61 
61 

do 

do 

do 

1          ! 

Lead  lost 

do.  . 

1 

!61 

do 

1 

Ui 

1 

...  .do         

i           L  .. 

1 
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110  U.  S.  BUREAU  OF  FISHERIES. 

Dredging  and  Hydrographic  Rbgords  Sbcitred  During  Haubft 


station 
num- 
ber. 


H.5819 
H.6820 
H.5821 
H.A822 
H.5823 
H.5824 
H.5825 
H.5S26 
H.5S27 


H.6828 
H.5829 
H.5830 
H-5831 
H.6832 
H.5833 
H.5834 
H.5S35 
H-6836 
H-5637 
H.fi838 
H.5839 
H.5840 
H.5841 
H.5842 
H.5843 
H.5844 
H.5845 
H.5846 
H.6847 
H-5848 
H.fi840 
H.5850 
H.6851 
H.5862 
H.6853 
H.58M 


Position. 


Grays  Harbor  Lt.,  S.  68)*  E., 

38.2  mUes. 
Grays  Harbor  Lt.,  S.  e7§»  E., 

3d  mi  Ira. 
Grays  Harbor  Lt..  S.  07*  E., 

33  miles. 
Grays  Harbor  Lt.,  S.  60*  E., 

31  miles. 
Grays  Harbor  Lt.,  8. 65i*  E., 

29.2  miles. 
Grays  Harbor  Lt.,  8. 64*  E., 

27.2  mUes. 
Grays  Harbor  Lt.,  8. 64)*  E., 

30.2  miles. 
Grays  Harbor  Lt.,  8. 65*  E., 

32.2  miles. 
Grays  Harbor  Lt.,  8. 66*  E., 

34.2  mUes. 


Grays  Harbor  Lt.,  8. 66*  E., 

36.2  miles. 
Grays  Harbor  Lt.,  8. 66|*  E., 

37.4  miles. 
Grays  Harbor  Lt.,  8. 66)*  E., 

38.4  mUes. 

Grays  Harbor  Lt.,  8. 65)*  E., 

39.5  mUes. 

Grays  Harbor  Lt.,  8. 65)*  E., 

40.5  miles. 
Grays  Harbor  Lt.,  S.  64)*  E., 

38.5  miles. 
Grays  Harbor  Lt.,  S.  63)*  E., 

36.5  miles. 
Grays  Harbor  Lt.,  8. 62)*  E., 

34.5  miles. 
Grays  Harbor  lit.,  S.  61*.  E., 

32.7  mUes. 

Grays  Harbor  Lt.,  8. 69)*  E., 

30  miles. 
Grays  Harbor  Lt.,  8. 57)*  £., 

29.2  miles. 
Grays  Harbor  Lt.,  8. 55)*  E., 

27.2  mUes. 
Greys  Harbor  Lt.,  8. 53)*  E., 

25.5  miles. 
Grays  Harbor  Lt.,  8. 60)*  B., 

23.8  miles. 

Grays  Harbor  Lt.,  8. 48*  E., 

22.2  mUes. 
Grays  Harbor  Lt.,  8. 44*  E., 

20.5  miles. 
Grays  Harbor  Lt.,  8. 40*  £., 

19  miles. 
Destruction  Id.  Lt.,  N.  28* 

E.,  20.2  miles. 
Destruction  Id.  Lt.,  N.  31)* 

E.,21  miles. 
Destruction  Id.  Lt.,  N.  86* 

E.,  22.3  mUes. 
Destruction  Id.  Lt.,  N.  37* 

£.,  21.5  miles. 
Destruction  Id.  Lt.,  N.  40* 

£.,19.8  miles. 
Destruction  Id.  Lt.,  N.  41)* 

£.,  19  miles. 
Destruction  Id.  Lt.,  N.  48)* 

£.,  18.2  miles. 
Destruction  Id.  Lt.,  N.  45)* 

£.,  17.6  miles. 
Destruction  Id.  Lt.,  N.  47)* 

£.,  18.3  miles. 
Destruction  Id.  Lt.,  N.  49)* 

£.,  19.1     " 


Chart. 


Character  of 
bottom. 


as. 

6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 


6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
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DBEDGmO  Aim  HYDBOOBAPHIC  BECOBDS.  Ill 

iBfysmoAiiOMs  oir  Obsoon- Washington  Coasts,  1914  and  1916— Continued. 


'tanperatare. 

SaUnity. 

AppsimtoB. 

Trial. 

Drift. 

< 

I 

1 

SurL 

Botm. 

Depth. 

Dara- 
tlon. 

Dtaoettoii. 

1 

Remarks. 

51 
BS 
R2.S 

a 

B15 
M 

'34 
54 

• 

64 
S5 
S5 

6 
82 
B2 

62 

£3 
58 
68 
58 
54 
64 
54 
54 
54 

54 
54 
54 
54 
54 
M 
54 
54 
54 
M 
54 
54 
54 
54 
54 
54 
53 
53 
52 
52 
52 
52 
53 
53 
53 
58 
58 

•F. 

EL  adr.;  86.1b. 

lead. 
do 

JtflR. 

Mi. 

do 

do 

*•  -• 

E1.8dr.;8(Mb. 

lend. 
do 

do 

do 

" 

do 

At  2.30  p.m.  set  dock 
baok2Bmlii,,whiob 
l3  not  shown  oo 
records  of  H.  6827 
and  H.  5829  Inol 
H.  6830  shows  oor 
root  time. 

do 

■ 

do 

do 

Arming  lost. 

do 

Do. 

do 

do 

do 

do 

do 

do 

<S 

do 

82 

O 
83 
63 
S2 
61 
60 
60 
80 
00 
00 
00 
60 
60 

do 1 

do 

do 

do 

do 

1 

do 

do 



do 

1 

! do 

Clean  lead 

do 

1 dft. 

do 

do 

do 



10 

do 

n 

do 
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V.  S.  BUREAU  OF  FISHERIES. 
Drbdoino  and  Hybrooraphic  Rbcordb  SlBCURBi>  Dvmno  Halibut 


station 
num- 
ber. 


Position. 


OWt. 


day. 


of 


Depth. 


H.5855 
H.6856 
H.5857 
H.5858 
H.5859 


H.5860 
H.5861 
H.5862 
H.6863 
H.5864 
H.5865 
H.5866 
H.5867 
H.5868 
H.5809 
H.6870 
H.6871 
H.6872 
H.5873 
H.6874 
H.6875 
H.6876 
H.6877 


H.5878 
H.5879 
H.5880 
H.5881 
H.58S2 
H.fi883 
H.5884 
H.5886 
H.5886 
H.58S7 


Destruction  Id.  Lt.,  N.  51i* 

E.,  19.8  miles. 
Destruction  Id.  Lt.,  N.  53* 

E.,20.8mUe8. 
Destruction  Id.  Lt.,  N.  56}' 

E.,  20.1  miles. 
Destruction  Id.  Lt.,  N.  68' 

E.,  19.6  miles. 
Destruction  Id.  Lt.,  N.  00* 

£.,19.1mi]eB. 


as. 


Destmotlan  Id. 

E.,  18.7  miles. 
Destruction  Id. 

E.,  18.2  miles. 
Destruction  Id. 

£.,  18  miles. 
Destruction  Id. 

E.,  18.9  mUes. 
Destruction  Id. 

E.,  19.8  miles. 
Destruction  Id. 

E.,  20.9  miles. 
Destruction  Id. 

£.,  21.8  miles. 
Destruction  Id. 

E.,  22.8  mUes. 
Destruction  Id. 

E.,  22  miles. 
Destruction  Id. 

£.,  21.3  miles. 
Destruction  Id. 

£.,  20.6  miles. 
Destruction  Id. 

E.,  18.2  miles. 
Destruction  Id. 

E.,  20.3  miles. 
Destruction  Id. 

£.,21.2mUes. 
Destruction  Id. 

£.,  21.8  miles. 
Destruction  Id. 

£.,  22  miles. 
Destruction  Id. 

£.,  22  miles. 
Destruction  Id. 

£.,  21.8  miles. 


Lt.,  N.  63* 
Lt.,  N.  66* 
Lt.,  N.  68* 
Lt.,  N.  69* 
Lt.,  N.  70* 
Lt.,  N.  70i* 
Lt.,  N.  71* 
Lt.,  N.  7U* 
Lt.,  N.  73^ 
Lt.,  N.  76* 
Lt.,  N.  76r 
Lt.,  N.  70i* 
Lt.,  N.  71- 
Lt.,  N.  71' 
Lt.,  N.  71* 
Lt.,  N.  72i' 
Lt.,  N.  74* 
Lt.,  N.  76* 


Destruction  Id. 

£.,  19.9  miles. 
Destruction  Id. 

£.,  20.6  miles. 
Destruction  Id. 

E.,  20.2  mUes. 
Destruction  Id. 

£.,  19.8  miles. 
Destruction  Id. 

£.,  20.8  miles. 
Destruction  Id. 

E.,21.8milos. 
Destruction  Id 

£.,  22.8  miles. 
Destruction  Id. 

£.,  23.9  miles. 
Destruction  Id. 

£.,  24.9  mOes. 
Destruction  Id. 

£.,  34.1  miles. 


Lt.,  N.  79* 
Lt.,  N.  81* 
Lt.,  N.  82i* 
Lt.,  N.  87* 
Lt.,  N.  87* 
Lt.,  N.  87* 
Lt.,  N.  87* 
Lt.,  N.  87* 
Lt.,  N.  87* 
Lt.,  N.  88J* 


6400 
6400 
6400 
6400 
6400 


6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 


6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 


1915. 
July  31 

..do 

..do 

..do 

..do..... 


...do 

...do 

...do 

...do 

...do..... 
...do..... 
...do..... 

...do 

...do 

...do..... 
...do..... 
July  22 

...do 

...do 

...do..... 
...do..... 

...do 

...do 


..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 
..do... 


9.86  a.  m. 
9JSI  a.  m. 

10.09  a.  m. 

10.35  a.  m. 

10.40  a.m. 

to 
13.00  m. 

1.35  p.  m. 

1.87  p.  m. 
1.49  p.  m. 

2.02  p.  m. 
2.12  p.m. 
2.23  p.  m. 
2.34  p.  m. 

2.46  p.  m. 

3.03  p.  m. 
3.16  p.  m. 
3.26  p.  m. 

4.47  a.  m. 

5.04  a.  m. 
5.16  a.  m. 
6.25  a.  m. 

5.36  a.  m. 

5.48  a.  m. 
6.02  a.  m. 


9.38  a.  m. 
9.61  a.  m. 
.  10.01a.m. 
.  10.30  a.m. 
.  10.34  a.m. 
.  10.46  a.m. 
.  10.58  a.m. 
.  11.09  a.m. 

11.30  a.m. 

11.40  a.m. 


Fnu. 
341 

0 
K7 

0 

398 
346 


92 
87 
78 
84 
95 
100 
103 
189 
105 
101 
93 
76 


105 
105 
103 
101 


99 
97 
»3 
64 
97 
97 
101 
104 
336 
160 


gn.  ]C.,flia.gy.S.. 


0.,c 


.l)fc.S.. 


gn.  M.,  fho.  gy.  8.. 

do 

gn.M •-, 

gn.  M.,lne.gy.S.. 
gn.M.,bk.S 

do 

G.,fne.gy.8.,cis. 

bk.S. 
fno.  gy.  S 

ihe.G.,gy.S , 

gn.  My  £ne.  G., 
8h.,fiie.gy.S. 

£ne.  G.,  m.  M., 
fne.  1^.  8. 

gn.M 


gn.M 

fne.  gy.  S.,  gn.  M. 
G..gn.M.,fiie.gy. 
crs.G 


G.,  gn.M.,  fno.  gy. 
S. 


gn.M.,cr8.G.,too. 

bk.  S. 
gn.M.,fne.gy.S.. 


I 


gn.M 

do 

gn.M.,fnfi,gy.S. 

fkie.bk.S 

do...... 

do 

.....do 
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iNTBsnGATEONs  OFF  Oreoon-Washinoton  Coasts,  1914  AND  1915 — Gontiiiued. 


TempnatOTT. 

Salinity. 

Aftparatiis. 

Trial. 

Drift. 

i 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Dinwtitm. 

1 

Remaiks. 

flO 
00 
61 

a 

82 
(Hi 

•F. 

5S 

S3 

a 

63 

»57.« 

53 
53 
54 
54 
54 
54 
54 
54 
54 
54 
54 
57 
52 
52 
52 
52 

•F. 

El.  sdr.;  aO-Ib. 

lead. 
do 

Min. 

ML 

do 

do 

44.86 

32.23 

32.66 

£1.  sdr.;  30-lb. 
lead;    Ek. 
bot.;  NZ;  2 
skatee. 

El.»dr.;30.Ib. 
lead. 

do 

botm... 

60 

1st  dory  left  10.46; 
Ist  dory  ret.  12.62; 
2d  dory  left  10.48; 
2d  dory  ret.  1.06. 
Frozen  herring 
bait. 

ftl 

01 

61 

61 

do 

do...    . 

do...    . 

do.  .. 

! 
,61 

do... 

61 
M 
64 
64 

00 
5» 

m 
m 

■ 

do... 

do 

do 

do 

■■■   t 

do 

.  1 

do 

Clean  lead. 

1 

do 

1 

do 

This  station  Is  the 

•, 

do 

same  as  H.  5866. 

1 

do. 

9 

64 

64 
66 
66 
66 
65 
64 
64 
64 
64 

•56 

54 
64 
54 
54 
64 
54 
M 
64 
64 
54 

44.35 

32.45 

34.06 

El.  sdr.;  SO-Ib. 
lead;  Ek. 
bot.;  4'  in- 

E1.8dr.;80-lb. 

lead. 
do . 

botxn... 

60 

1st  dory  left  6.10: 
1st  dory  ret  9.00. 
2d  dory  left  6.15 
2d  dory  ret.  9.17. 
Frozen  horrinp 
bait.  Vertioaltow- 
net  haul. 

do 

do 

do 

do 

t 

do 

1 

"**l 

do 

1 

1 

1 

^ 

1 

1 

do 

1"  ■■ 

J 

»72*»— 21 8 
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114  U.  S.  BUREAU  OF  FISHERIES. 

Dredging  and  Hydrographic  Rbcords  Sbcured  During  Halibut 


station 
ber.' 


H.588S 
H.5889 
H.5800 
H.5S01 
H.5802 
B.58B8 
H.fiOM 
H.68a5 
B.li896 
H.58B7 
B.S808 
H.5W9 

B.6goo 
H.«ni 

B.6Q02 
n.5903 
B.n04 
R.5905 
B.6g06 
B.5907 
B.500S 
H.fiQ09 
H.5010 
H.fiQll 
B.5012 
B.fi913 
B.5014 
H.M16 
B.fi016 
B.fi9l7 
H.5918 
H.5019 
H.fiMO 

H.6021 
B.fi022 
H.SQSa 
H.M84 


FMltioii. 


Defftrurtion  Id.  U.,  8.  8^* 

K.,23.1iiiiln. 
Destruction  Id.  Lt.,  B.  89* 

K.,  22.3  miles. 
Destruction  Id.  U.,  S.  87§* 

K.,21.3mUra. 
DestracUon  Id.  Lt.,  S.  86» 

E.,  20.5  miles. 
Destruction  Id.  Lt.,  S.  85* 

E.,  19.6  miles. 
Destruction  Id.  U.,  8.  83* 

E.,  20.2  miles. 
Destruction  Id.  Lt.,  8.  80* 

E.,  20.3  mUes. 
Destruction  Id.  Lt.,  8.  78}* 

E.,  21  miles. 
Destruction  Id.  Lt.,  S.  77* 

E.,  21 .9  miles. 
Destruction  Id.  Lt.,  8.  75* 

E.,22.7mDes. 
Destruction  Id.  Lt.,  8.  74* 

E.,23.3mUes. 
DestrucUon  Id.  Lt.,  8.  72}* 

E.,  24.3  miles. 
Destniction  Id.  Lt.,  8.  71}* 

E.,  25.1  miles. 
Destniction  Id   Lt.,  8.  70* 

E.,  25.9  miles. 
Destruction  Id.  Lt.,  8.  (»i* 

E.,  26.7  miles. 
Destruction  Id.  Lt.,  8.  68}* 

E.,  27.6  miles. 
Destruction  Id.  Lt.,  8.  67)* 

E..  28.4  miles. 
Destruction  Id.  Lt.,  8.  66}* 

E.,  29.3  miles. 
DestrucUon  Id.  Lt.,  8.  66}* 

E.,  30.1  miles. 
Destniction  Id.  Lt.,  8.  65* 

E.,  81  mUes. 
Destruction  Id.  Lt.,  8.  64* 

E.,  31 .8  miles. 
DestmcUon  Id.  Lt.,  8.  63}* 

E.,32.8mUe8. 
Destruction  Id.  U.,  8.  63* 

E.,  33.7  miles. 
Destniction  Id.  Lt.,  8.  62}* 

E.,  34.6  miles. 
Destruction  Id.  Lt.,  8.  62* 

E.,  35.5  miles. 
Destniction  Id.  Lt.,  8.  61* 

E.,  36.5  miles. 
Destruction  Id.  Lt.,  8.  60}* 

£.,  37.3  miles. 
Destruction  Id.  Lt.,  8.  60* 

£..3S.2mUes. 
Grays  Harbor  Lt.,  N.  76*  E., 

26.8  miles. 
Grays  Harbor  Lt.,  N.  76}*  E., 

2/.8  miles. 
Grays  Harbor  Lt.,  N.  76|* 

E.,  28. 8  miles. 
Grays  Harbor  Lt. ,  N.  77*  B. , 

29. 8  miles. 
Grays  Harbor  Lt.,  N.  77}* 

E.,  30.8  miles. 

Grays  Harbor  Lt.,  N.  77|* 

E.,  31.8  miles. 
Grays  Harbor  Lt. ,  N.  78*  E . , 

32.8  miles. 
Grays  Harbor  Lt. ,  N.  80*  E. , 

31.8  miles. 
Grays  Harbor  Lt.,  N.  82}* 

S.,  30.7  miles. 


c.a, 

6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
0400 
6400 
6400 
6400 
6400 
6400 
6400 

6400 
6400 
6400 
6400 


Date. 


1915. 
July  22 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do..,. 

July  23 

...do.... 

...do.,.. 

...do.... 

...do.... 

...do.... 
...do.... 
...do.... 
...do.... 


Time  of 
day. 

Depth. 

11.52  a.m. 

116 

12.08  p.  m. 

94 

12.15  p.m. 

90 

12.27  p.m. 

92 

12.39  p.  m. 

80 

12.53  p.  m. 

78 

1.06  p.  m. 

85 

1.16  p.m. 

86 

1.27  p.m. 

80 

3.05  p.m. 

88 

3.24  p.  m. 

111 

3.87  p.  m. 

96 

3.48  p.m. 

100 

4.00  p.m. 

92 

4.11p.m. 

97 

4.24  p.  m. 

93 

4.35  p.m. 

93 

4.48  p.m. 

96 

5.00  p.  m. 

94 

5.14  p.m. 

94 

5.25  p.  m. 

94 

5.36  p.  m. 

95 

5.49  p.  m. 

94 

6.01  p.  m. 

93 

6.15  p.m. 

92 

6.27  p.m. 

90 

6.40  p.m. 

02 

6.53  p.  m. 

88 

4.86  p.m. 

78 

4.47  p.m. 

82 

4.68  p.m. 

87 

5.10  p.m. 
5.18  p.m. 

93 

99 

5J0  p.  m. 

111 

5.42  p.m. 

203 

5.58  p.  m. 

124 

6.10  p.  m. 

99 

Character  of 
bottom. 


f^e.bk.8.,G 


fne.  bk.  B. 


.,gn.M. 


fne.  gy.'S.,  gn.  IL 
do 

bk.Sp. 


do 

do 

ga.M.,bk.S 

fne.  gj.  8.,  gn.  If, 

ga.M 

gn.lC.,tee.gy.S. 

pi.M 

do 

do 

ga.  M.,  Ikie.  gy.  S. 

do 

gn.M 

gn.M.,ik»e.gy.S. 


gn.M 

gn.  }£•,  toe.  gy.  8., 

bk.8p. 
gn.  ll.,bk.8 


• 
G.,crB.bk.S.,fne. 

gn.  8.,gn.]i. 
G..  ers.  and  fne. 

bk.8. 
fne.  G.,gy.S 

bk.  8p.,  gn.  M.. 

toe.O.,&ie.gv.8. 
G.,  en.  and  me. 

gy.S..gn.M. 
gn.iC.,i:De.gy.8... 

ga.M.,fhe.gy.8.. 

bL&,taB.gy.8... 


crs.G.,crs.bk.8., 
fne. gn. 8.,  gran.  , 
BhL 

(ns.gn.8.,toe.G.. 

(ns.8 1 

fne.gn.S.,ors.bk.  i 

8.  ICI. 
G.,0an.Shl..ers. 

bi.8.,to».gy.6.1 
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Google 
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Ikyestigations  off  Oreoon-Washwqton  Coasts,  1914  and  1915 — Continued. 


Temperature. 

Salinity. 

Apparatus. 

Trial 

Drift. 

is 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

Q 

Remarks. 

64 
65 
65 
65 
65 
60 
60 
60 
00 
61 
61 
61 

•F. 
54 

55 

55 

55 

55 

55 

55 

55 

53 

55 

53 

55 

53 

55 

55 

55 

55 

•F. 

£L8dr;  30-15. 

lead. 
do 

Min. 

m. 

. 

do 

do 

do 



do 

do 

do 

nr 

do 

j 

do 

I      " 

do. 

i ;" 

do 

61 

1 

do 

61 
61 
61 
61 
61 
61 

:::;:::":i 

do 

I 
1 

do 

1 

do 

do 



55 
54 

54 
54 
54 
54 
54 

1 

do 1-  -   \ 

, 

do 

61 

do 

61 
62 
62 
62 

1 

do 

do 

do 

1 

do 

63 

54 
54 

54 

do 

63 

do 

do 

62 

54 

do. 

62      55 

do 

62      53 
62      55 
62      55 
61      55 

61      51 

do. 

do 

I 

do 

do 

do 

60      61  ' 

i 

do 

m    51  ! 

do 

61      51 

do 
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Dredging  anb  Htbboorafhic  Records  Secured  During  Halibut 


station 
num- 
ber. 


H.6025 
H.fi026 
H.6027 
H.5fl38 
H.fi929 
H.«BO 
H.M31 
H.5832 
H.fiS83 
H.fi084 

H.figss 

H.60M 
H.SgST 
H.M88 
H.5e89 
H.5M0 


H.5941 
H.504^ 
H.S043 
H.5044 
H.fi945 
H.fi946 
H.5947 
H.6048 
H.6049 
H.50JX) 
H.fiOSl 
H.5052 
H.5063 
H.6054 
H.5055 
H.5d56 
H.5057 
H.5958 
H.5050 


Poidtion. 


Grays  Harbor  Lt.,  N.  84*  E. , 

80.S  miles. 
Grays  Harbor  Lt.,  N.  85*  E. , 

39.7  miles. 
Grays  Harbor  Lt.,  N.  85*  E. , 

39.3  miles. 
Grays  Harbor  Lt.,  N.  87*  E., 

80  miles. 
Grays  Harbor  Lt.,N.  88*  E., 

80.9  miles. 
Grays  Harbor  Lt.,  N.  89*  E. , 

31.9  miles. 
Grays  Harbor  Lt.,  E.,  33.9 

Grays  Harbor  Lt.,  S.  89*  E., 

33.7  miles. 
Grays  Harbor  Lt.,  N.  84*  E. , 

38.7  miles. 

Grays  Harbor  Lt.,  N.  83*  E. , 

39.8  miles. 

Grays  Harbor  Lt.,  N.  «a|* 

E.,  30.3  miles. 
Grays  Harbor  Lt.,  N.  831* 

E.,  30.6  miles. 
Grays  Harbor  Lt.,  N.  83*  E., 

31.1  miles. 
Grays  Harbor  Lt.,  N.  831* 

£.,  31  miles. 
Grays  Harbor  Lt.,  N.  83i* 

£.,  81  miles. 
Grays  Harbor  Lt.,N.84*E., 

31  miles. 


Grays  Harbor  Lt.,  8. 

31.3  miles. 
Grays  Harbor  Lt.,  8, 

31.5  miles. 
Grays  Harbor  Lt.,  8. 

31.9  miles. 
Grays  Harbor  Lt.,  8. 

32.5  miles. 
Grays  Harbor  Lt.,  8, 

33  miles. 
Grays  Harbor  Lt. ,  8. 

33.8  miles. 
Grays  Harbor  Lt.,  8. 

34.3  miles. 
Grays  Harbor  Lt.,  8, 

35.3  miles. 
Grays  Harbor  Lt.,  8. 

36.3  miles. 
Grays  Harbor  Lt.,  8. 

Sfmiles. 
Grays  Harbor  Lt.,  8. 

36.9  miles. 
Grays  Harbor  Lt.,  8, 

36.9  miles. 
Grays  Harbor  Lt.,  8. 

36  miles. 
Grays  Harbor  Lt.,  8. 

35.3  miles. 
Qravs  Harbor  Lt.,  8. 

36miles. 
Grays  Harbor  Lt.,  8. 

86.5  miles. 
Grays  Harbor  Lt.,  8, 

3L4  miles. 
Grays  Harbor  Lt.,  8. 

38.2mi]<Hi. 
Grays  Harbor  Lt.,  8. 

39.1  miles. 


,87*E., 
.85*E., 
.83*E., 
81i*£., 
.  80*  E., 
78i*E., 
.  77*  E., 
.  76*  E., 
75i*E., 
74i*E., 
.  73*  E., 
71i-E., 
70i*E., 
69i*£., 
.  68*  E,, 
1.  67*  E., 
e6J*E., 
66J*E., 
641*  E., 


Chait. 


a  a. 

6400 


6400 
6400 
04D0 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 


6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 
6400 


Date. 


1915. 
July  23 

...do 

...do 

...do 

...do..... 

...do.... 

...do..... 

...do.... 

July  34 

...do..... 

...do...- 

...do..... 

...do..... 

...do 

...do.... 

...do 


...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

...do 

...do.... 
...do.... 
...do..-. 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 


Time  of 
day. 


OJQp.m. 
6JMp.m. 
6.60  p.m. 
7.08  p.m. 
7.15  p.m. 

7.38  p.m. 
7.40  p.m. 
7jS3  p.  m. 
8.31  a.  m. 
8.48  a.  m. 
8.51  a.  m. 
8.59  a.m. 
9.07  a.m. 
9.20  a.m. 

9.39  a.  m. 
9.84  a.  m. 


1.64  p.m. 
3.07  p.m. 
3 JO  p.m. 
3.31p.m. 
3.48  p.m. 
3.58  p.m. 

8.06  p.m. 
3.21  p.m. 
8.84  p.m. 
8.46  p.m. 
4.04  p.m. 
4.31p.m. 
4.88  p.m. 
4.52  p.m. 

5.07  p.m. 
5.20  p.m. 
5.35  p.m. 
5.48  p.m. 
6.00  p.m. 


Digitized  by 


Depth. 


Character  of 


Fnu. 


95    fiie.gy. 

gran. 

fne.— 


93 
93 


96 
147 


136 
90 
88 

87 
91 
06 
105 


IcP- 


91 

88  gn.M 

90  fne. 

90  bl. 

94  bl. 

m  fne. 

379  bl. 


63    fne. 

96 

99 
111 
107 
100 

96 


.8.,gn.M. 
.ShL 
8.,gn.H. 


8.,gn.M.. 


Shi.. 


Shl.,fi]e.blc.S.. 

gy.8 ' 

1 


8hL,rky. 
».gy.8.,gn.M.. 

gy.8 

.do 


bl.M.. 


crs. 


dtfne.gn.S... 
.gn.8 

F.  8.,  gran. 
fiie.gn.8 


fne.] 
ine. 


gn.M.,fiie.gn.S.. 

sn.H.,fofi.sy.S.. 
fxie.G.,tne.8y.S.. 

bl.Shl.,or8.bk.8. 

fne.  Bk.  8. 
G..bl.M.,cf8.bk. 

6.,  fbe.  fl 


Co.,^^,|u 


r.S. 
:.,  fne. 

Co^hrd.bl.M.... 

G.,  fne.  gy.  8.,  cts. 
k.8.rgran.Shl. 


>.gy.8. 


0.,8h, 


file. 


gy. 

do. 

tne.an<! 
fhe.gy. 
G.,  on. 

gy.8. 


b„fJie.gy.8., 
r.'s 


I  crs,  gy.8. 
8 


and  fDs. 


Google 
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iKYEsnaATioNs  OFF  Obeoon-Washinqton  GoAsra,  1914  and  1915 — Continued. 


'Vemperatiire. 

Salinity. 

Appazattu. 

Trial. 

DriTt. 

•< 

1 

Surf. 

Botm. 

Depth, 

Dura^ 
tion. 

Direction. 

1 

Remarks. 

81 
57 
61 
60 
60 

eo 

00 
flO 
61 
61 
61 
60 
60 
flO 
60 
60 

63 
63 
63 
63 
63 
62 
62 
62 
62 
62 

51 
53 
S3 

a 

53 
53 
53 
53 
52 

sst 

52 
52 
52 
52 

52 

♦57.7 

53 
52 
53 
53 
53 
53 
53 
bd 
63 
53 
53 
53 
53 
53 
53 
52 
52 
52 
63 

•F. 

. 

B1.8dr.;30-Ib. 

lead. 
do 

Mhi. 

^ff. 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

44.0 

32.75 

32.72 

El.sdr.;3(Vlb. 
lead;  Ek. 
bot.:  4'  in- 

El.Bdr.;3a-lb. 

lead. 
do 

botm... 

60 

Vertl(^al  townet  hanl: 

1st  dory  left,  9.46; 
1st  dory  rot.,  12.58; 
2d  dory  left.  9.50; 
2d  dory  ret.,  12.47. 
Vertical  haul  to  9S 
fms.   FioieD  ber- 
ringbait. 

do 

do 

do 

'      " 

do 

do 

do 

do 

do 

m 

do 

92 

■■■71 

do 

62 

1 

do 

67 

1 

do 

62 

1 

do 

63 
63 
63 

62 

1 

do 

1 

do 

do 

1 

do 

1 
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Dredging  and  Hydrographic  Records  Secured  During  Haubut 


station 
num- 
ber. 


11.5960 
H,5961 
H.5962 
H.5963 
H.5964 
H.5965 
H.5066 
n.5967 
H.5968 
H.5960 
H.5970 
H.5971 
H.5972 
H.5973 
H.5974 
H.SWS 
H.5976 
H.5977 
H.5978 
n.5079 
H.50S0 
H.5a81 
H.5982 
H.5083 
H.5084 
H.5085 
H.5086 
H.59S7 
H.6988 
H.fi088 
H.S990 


H.6091 
H.6092 
H.6993 
H.6094 


Position. 


Grays  Harbor  Lt.,  8. 64*  E., 

40  miles. 
Grays  Harbor  Lt.,  S.  62*  E., 

35.6  miles. 

Grays  Harbor  Lt.,  S.  62*  E., 

34.7  miles. 

Grays  Harbor  Lt.,  8.  eoj*  E., 

36.8  miles. 

Gravs  Harbor  Lt.,  8. 50*  £., 
37  m" 


Grays  Harbor  Lt.,  8. 57**  E., 

8t.2  miles. 
Grays  Harbor  Lt.,  8. 56*  £., 

37.5  miles. 
Grays  Harbor  Lt.,  8. 64i*  E., 

37.2  miles. 
Grays  Harbor  Lt.,  8.  53*  E., 

3/.1  miles. 
Grays  Harbor  Lt.,  8. 51J*  E., 

36.9  miles. 
Destruction  Id.  Lt.,  N.  29* 

E.,  26.1  miles. 
Destruction  Id.  Lt.,  N.  281* 

E.,  25.2  miles. 
Destruction  Id.  Lt.,  N.  29* 

E.,  24.2  miles. 
Destruction  Id.  Lt.,  N.  30* 

E.,  23.2  miles. 
Destruction  Id.  Lt.,  N.  31* 

E.,  21.6  miles. 
Destruction  Id.  Lt.,  N.  33* 

E.,  23.5  miles. 
Destruction  Id.  Lt.,  N.  34i* 
E.,  25.5  miles. 
Destruction  Id.  Lt.,  N.  36* 

E.,  26.4  miles. 
Destruction  Id.  Lt.,  N.  37* 

E.,  27.4  miles. 
Grays  Harbor  Lt.,  N.  67J» 

E.,  39.3  miles. 
Grays  Harbor  Lt.,  N.  60*  E., 

38.5  miles. 
Destruction  Id.  Lt.,  8.  73i* 

£.,  22.8  miles. 
Destruction  Id.  Lt.,  8.  74* 

E.,  23.8  miles. 
Destmctlon  Id.  Lt.,  8.  72* 

E.,  25.8  miles. 
Destruction  Id.  Lt.,  8.  70* 

£.,  27.7  miles. 
Destruction  Id.  Lt.,  8.  68* 

E.,  29.5  miles. 
Umatilla  Lightship,  N.  41* 

E.  22.1milsi 
Umatilla  Lightship,  N.  46* 

E.,  21 .9  miles. 
Umatilla  Lightship,  N.  51* 

E.,21.8miles. 
Umatilla  Lightship,  N.  53J' 

E.,21.3mnes. 
Umatilla  Lishtshlp,  N.  56* 


Dettructian  Id.  Lt.,  8.  70** 

E.,  41.5  miles. 
Destruction  Id.  Lt.,  8.  74)* 

E.,  45  miles. 
Destruction  Id.  Lt.,  8.  78* 

E.,48.9mUes. 
DestrucUon  Id.  Lt.,  8.  80i* 

E.,58mU68. 


Chart. 


C.  8. 
C.  8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
G.  8. 
C.  8. 
C.  8. 
C.  8. 
C.8. 
C.8. 
C.  8. 
C.8. 
C.  8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.8. 
C.S. 
C.S. 
C.  8. 
C.8. 


P.  8. 
P.  8. 
P.  8. 
P.  8. 


rt. 

1 
Dote. 

6400 

1915. 
July  24 

6400 

July  2G 

6400 

...do..... 

6400 

...do 

6100 

...do..... 

6400 

...do..... 

MOO 

...do..... 

6400 

...do 

6400 

...do..... 

6400 

...do 

6400 

...do..... 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do..... 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

July  27 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

6400 

...do 

P 

Aug.  10 

«» 

...do 

ff9 

...do 

«0 

...do 

TIme'of 
day. 

Depth. 

6.17  p.m. 

Fmt, 
217 

1.07  p.m. 

96 

1.21p.m. 

103 

1.38  p.m. 

n 

115 

1.63  p.m. 
2.10  p.m. 
2.24  p.m. 
2.39  p.m. 

2.53  p.  m. 

110 
77 

3.06  p.  m. 
3.21  p.m. 

3.35  p.m. 

3.50  p.m. 

68 

4.03  p.m. 

64 

4.20  p.  m. 

59 

4.44  p.m. 

75 

5.03  p.m. 
5.25  p.m. 
5.44  p.m. 
6.06  p.m. 
6.25  p.m. 
8.29  a.m. 

82 

8.49  a.m. 

128 

9.14  a.  m. 
9.35  a.m. 

137 

0.57  a.  m. 

120 

10.17  a.  m. 

106 

10.37  a.  m. 

128 

10.58  a.m. 

176 

11.13  a.m. 

91 

11.25  a.m. 

95 

5.44  a.m. 

549 

6.32  a.  m. 
7.24  a.  m. 
8.12  a.m. 

Character  of 
bottom. 


fno.  gy.  8.,  gn.  M.. 
fnc.  wh.  S.,  bk.  8p. 
bl.M ! 


crs.  bk.  S.,  gn.  M.. 


I 


fne.  wh.  8.,  gn.  M.| 

gn.M 

....do 

fne.  bk.  8.,  gn.  M. 
gn.M 


«y.8 

fne.bk.G.,  gn.  M. 
gran.  Shi. 


fne.  gy.  8.,  gran 

fne.gn.8 

crs.bk.8.,tne.gi]  i 

8. 
fne.gii.S 


gn.M 

R.,  G.,  era.  and 

Hie.  gy.  8. 
G.,  crs.  and  fne. 

Ky.  8. 


rky. 
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Inybatioations  oft  Oregon- Washington  Coasts,  1914  and  1915 — Continued. 


1  Temperature. 

Salinity. 

Apparatus. 

TriaL 

Drift. 

is 

< 

1 

1 

Sinf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarlra. 

'F. 

02 

•F. 
53 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

52 

53 

52 

52 

52 

52 

52 

52 

52 

50 

50 

K\ 

•F. 

El.  sdr.;  30-Ib. 

lead.' 
do 

Min. 

Mi. 

fiO 

1 

do 

flO 

1 

do 

60 
61 

1 

do 

i 

do 

61 

do 

61 

do 

61 

do 

Lost  the  lead  and  a 

61 

i 

do 

few  feet  of  wire. 

61 

1 

do 

61 

do 

61 
61 
61 
61 
60 
60 
60 
60 
60 

do 

do 

do 

do 

do 

.  .  .do 

.  .  .do 

.  ...do 

do. 

.do 

'58 

.do..      .  . 

SO 

.do 

so  '  K1 

.do- 

1 

1 

51 
51 
51 
51 
51 
«54.£ 

63 
58 

M 

.do 

1 

57 
57 
89 
50 
SO 

.  ...do 

.  ...do 

.  ...do 

.do 

44.06 

32.56 

34.40 

El.sdr.;  30-lb. 
lead;  £k. 
bot.;    4' in- 

NZ-fslcatee. 

Lac.sdr.;8i«s. 

rod. 
Luc.sdr.;30-lb. 

le^ 
do 

botm... 

60 

1st  dory  left,  11.36: 

Ist  dory  ret.,  12.62. 
2d  dory  left,  11.27; 
2d  dory  ret.,  1.33. 
Frosen      herring 
bait.  Vertical  tow- 
net  haul. 
Weight  failed  to  trip. 

M 

i(l2 

M     54 

.do..     .• 
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120  U,  S.  BUBBAU  OF  FISHEBIBS. 

Drbdoing  and  Hydrooraphic  Rbcobds  Sbcurbd  Dubino  Haubut 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

H.5095 

Destruction  Id.  Lt.,  S.  83* 

E.,  57.2  miles. 
Destruction  Id.  Lt.,  S.  85}* 

E.,61.2mUe8. 
Destruction  Id.  Lt.,  S.  87* 

E.,  65.6  miles. 
Destruction  Id.  Lt.,  S.  89* 

E.,  70.2  miles. 
Destruction  Id.  Lt.,  N.  89}* 

E.,  74.5  miles. 
Destruction  Id.  Lt.,  N.  88i* 

E.,  79.2  miles. 
Destruction  Id.  Lt.,  N.  87J* 

E.,  83.3  miles. 

Destruction  Id.  Lt.,  N.  86* 

E.,  87.9  miles. 
Destruction  Id.  Lt.,  N.  86^* 

£.,  92.6  miles. 
Destruction  Id.  Lt.,  N.  84** 

E.,  97.2  miles. 
Destruction  Id.  Lt.,  N.  84f  * 

E.,  101.6  miles. 
Destruction  Id.  Lt.,  N.  83* 

E.,  106.4  miles. 

Destruction  Id.  Lt.,  N.  821* 

E.,  110.8  miles. 
Destruction  Id.  Lt.,  N.  82* 

E.,  115.5  miles. 
Destruction  Id.  Lt.,N.  81  i* 

E.,  120.3  miles. 
Destruction  Id.  Lt.,  N.  81* 

E.,  124.9  miles. 
Destruction  Id.  Lt.,  N.  80}* 

E.,  129.4  miles. 

Destruction  Id.  Lt.,  N.  80* 

E.,  134  miles. 
Destruction  Id.  Lt.,  N.  79J* 

E.,  138.9  miles. 
Destruction  Id.  Lt.,  N.  79* 

E.,  143.5  miles. 
Destruction  Id.  Lt.,  N.  78i* 

E.,  148.3  miles. 
Destruction  Id.  Lt.,  N.  78J* 

E.,  153  miles. 
Destruction  Id.  Lt.,  N.  78* 

E.,  157.8  miles. 
Destruction  Id.  Lt.,  N.  77i* 

E.,  162.3  miles. 
Destruction  Id.  Lt.,  N.  77}* 

E.,  167.1  miles. 
Destruction  Id.  Lt.,  N.  77i* 

E.,  172  miles. 
Destruction  Id.  Lt.,  N.  77* 

E.,  176.6  miles. 
Destruction  Id.  Lt.,  N.  76J* 

E.,  181 .2  miles. 
Destruction  Id.  Lt.,  N.  76J* 

E.,  185.0  miles. 
Destruction  Id.  Lt.,  N.  76}* 

E.,  190 .8  miles. 
Destruction  Id.  Lt.,  N.  76* 

£.,  196  miles. 
Destruction  Id.  Lt.,  N.  75i* 

E.,  201 .5  miles.                   J 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 

#9 
#9 
#9 
#9 
#9 
#9 
«9 

#9 
«9 
«9 
#9 
«9 

«9 

«o 

#9 
#9 
#9 

4t9 
«9 
#9 
«9 
«9 
«9 
#9 
#9 
#9 
#9 
«9 
^ 
#9 
«9 
«9 

1915. 
Aug.  10 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do..... 

...do 

...do..... 

...do 

...do 

...do..... 
Aug.  11 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

8.50  a.m. 
9.49  a.m. 

10.44  a.m. 
11.27  a.m. 
12.16  p.m. 

1. 05  p.m. 

1.54  p.m. 

3.07  p.  m. 
3.57  p.m. 
4.46  p.m. 
5.30  p.  m. 
6.14  p.m. 

7.19  p.m. 

8.06  p.m. 
8.53  p.m. 

9.40  p.m. 
10.29  p.m. 

11.35  p.m. 
12.22  a.m. 

1.09  a.m. 

1.55  a.m. 

2.41  a.  m. 

3.51  a.  m. 
4.44  a.  m. 
5.30  a.  m. 
6.16  a.m. 
7.04  a.m. 

8.10  a.  m. 
9.00  a.  m. 
9.53  a.  m. 

10.44  a.  m. 
11.20  a.m. 

Fmi. 

750 

& 

1,300 

lib 

1,400 
0 

T 

m 

0 

m 

1,480 

0 
SOD 

0 
800 

& 

1,490 

0 
800 

0 

800 
1,470 

0 
BOO 

.ii. 

1,300 

H.5996 

gy.M 

H.fl997 

H.5098 

H.5099 

H.6000 

H.6001 

H.6002 

H.8003 

H.6004 

H.e005 

H.6006 

H.6007 

H.e008 

H.eooo 

H.eoio 

H.OOll 

gn.M 

H.6012 

H.eoi3 

H.eoi4 

H.6015 

H.6016 

gn.M 

H.6017 

H.6018 

H.6019 

H.6020 

H.6021 

gy.M... 

H.6022 

H.0023 

H.6024 

H.6026 

H.6026 
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iNTBsmaATiONa  ow  ORBaoN-WAsmNGTON  Coasts,  1914  and  1915 — Continued. 


Traipcrature. 

Salinity. 

Afipantiu. 

Trial. 

Drift. 

< 

S 

i 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remarlw. 

'F. 
70 

68 

68 

60 

60 

67 

67 

87 
67 

A5 

*F. 
M 

64 

M 

56 

56 
56 
56 

66 
56 
56 
56 

56 

55 
55 
56 
56 
56 

56 
56 
55 
54 
53 
53 
53 
53 
54 
M 
55 
56 
56 
57 

sr 

•F. 

Lao.adr.;80-lb 

lead. 
Luc.9dr.;Sig8. 

rod. 
Luc8dr.;».lb. 

lead. 
,  .  .do 

JAn. 

m. 

.  ...do 

.  .do 

Lue.sdr.;8ig8. 
rod. 

Lw!.sdr.;ao-lb. 
...'•?o. 

Stray  Unci  and  sam- 

pler lost.  Wire 
broke  when  reg- 
ister read  20  Ixns., 
probably  due  to 
Bnk.  One  kink 
found  In  wire 
about  2  fms.  above 

.....do 

ns 



do 

6ft 

Liic.sdr.;Slg8. 
rod. 

Luc.  sdr.;  30.1b. 
lead. 
..do 

Sounding   oup 

63 

wrecked  when 
hove  asainst  fair- 
leader:  botm.  sam- 
ple lost. 

1 
62 

64 
62 

62 

..do 

..do 

Luc.  sdr.;  Slgs. 
rod. 

Luc.9dr.;30-Ib. 
lead, 
.do 

Shot  did  not  trip 
but  came  up  witn 
sounding  cup. 

62 



60 

..    .do 

leo 

..  ..do 

\m 

Lnc.8dr.;Slgs. 

rod. 
Luo.8dr.;30-lb. 

lead. 
.do 

Shot  did  not  detach. 

,!» 

i» 

l» 

.do 

jfiO 

.  ..do 

62 
63 
65 
67 
60 
71 

Luc.9dr.;8igs. 

rod. 
Luc.8dr.;30-lb. 

lead. 
do 

Weight  did  not  do- 
tach. 

do 

....do 

Luc.8dr.;8ig8. 
rod. 

::::::::i;;: 

1 
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122  TJ.  S.  BUREAU  OP  FISHERIES. 

Dbbdoino  and  Htdrooraphic  Records  Secured  During  Halibct 


station 
num- 
ber. 

Position. 

Chart. 

Date. 

TiBMOf 

day. 

Depth. 

Chamoterof 
bottom. 

H.6027 

Destruction  Id.  Lt.,  N.  75* 

43' E.,  206.4  miles. 
DestrucUon  Id.  Lt.,  N.  76* 

41' E., 211.2  miles. 
Destruction  Id.  Lt.,  N.  75* 

39' E.,  216.9  miles. 
Destruction  Id.  Lt.,  N.  76* 

37' E.,  220.3  miles. 
Destruction  Id.  Lt.,  N.  76* 

35' R.,  224.9  mUes. 
DestrucUon  Id.  Lt.,  N.  75* 

33'E.,2293mUes. 
Destruction  Id.  Lt.,  N.  75* 

31' E.,  233.9  mUes. 
Destruction  Id.  Lt.,  N.  75* 

29' E.,  238.8  mUes. 
Destruction  Id.  Lt.,  N.  75* 

27'  E.,  243.4  miles. 
DestrucUon  Id.  Lt.,  N.  75* 

25'  E.,  248  mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

23'  E.,  252.8  mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

2rE.,  257 .4  mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

19'  E.,  262  mfles. 
Destruction  Id.  Lt.,  N.  75* 

17' E.,  266.8  miles. 
Destruction  Id.  Lt.,  N.  75* 

15' E.,  271.5  miles. 
Destrudlon  Id.  Lt.,  N.  75* 

14' E.,  273.8  mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

13'  E.,  276.5  miles. 
DestrucUon  Id.  Lt.,  N.  75* 

45' E.,  275.5  miles. 
DestrucUon  Id.  Lt.,  N.  75* 

30' E.,  272.5  mfles. 
DestrucUon  Id.  Lt.,  N.  76* 

30' E.,  274.7  mfles. 
Destruction  Id.  Lt.,  N.  75* 

11' E.,  280.9  mfles. 
Destruction  Id.  Lt,,  N.  75* 

09' E.,  285.8  mfles. 
Destruction  Id.  Lt.,  N.  75* 

07' E.,  290.8  mfles. 
Destruction  Id.  Lt.,  N.  75* 

05' E.,  294.9  mfles. 
DestrucUon  Id.  Lt.,N.  75* 

03' E.,  299.2 mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

02' E.,  303.5  mfles. 
DestrucUon  Id.  Lt.,  N.  75* 

01' E.,  308  mfles. 
Destruction  Id.  Lt.,  N.  75* 

E.,  312.8  mfles. 
Tatoosh  Id.  Lt.,  N.  68*  E., 

317.3  mfles. 
Tatoosh  Id.  Lt.,  N.  68*  50'  E., 

317.3  miles. 
Tatoosh  Id.  Lt.,  N.  69*  40'  E., 

317.3  miles. 
Tatoosh  Id.  Lt.,  N.  70J*  E., 

317.3  mfles. 
Tatoosh  Id.  Lt.,  N.  70*  31' 

27"  E.,  311.6  mfles. 
Tatoosh  Id.  Lt.,  N.  70*  32* 

53"  E.,  306  mfles. 
Tatoosh  Id.  Lt.,  N.  70'  34' 

20"  E.,  300.6  miles. 
Tatoosh  Id.  Lt.,  N.  70*  35' 

46"  E.,  295.2  mfles. 
Tatoosh  Id.  Lt.,  N.  70*  37' 

13"  E.,  289.8  mfles. 
Tatoosh  Id.  U.,  N.  70*  38' 

39"  E.,  284.3  mfles. 

P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 

its 

its 
#» 

«9 

P 

#9 
«9 
«» 

«9 
«9 
«9 

«» 

#9 

#9 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 

1915. 
Aug.  11 

...da.... 

...do 

...do..... 

...do 

...do 

...do 

...do 

...da.... 

...do 

...do 

...do 

...do 

Aug.  12 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

.-..do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

12.31p.m. 
1.21  p.m. 
2.11p.m. 
3.01  p.m. 
3.60  p.m. 

5.03  p.m. 
6.54  p.m. 
6.43  p.  m. 
7.31  p.  m. 
8.24  p.m. 
9.33  p.m. 

10.23  p.m. 
11.13  p.  m. 
12.01  a.m. 
12.53  a.m. 
1.26  a.m. 

1.54  a.  m. 
2.47  a.  m. 
3.46  a.m. 
4.26  a.m. 
5.36  a.  m. 
6.29  a.  m. 
7.17  a.  m. 
8.07  a.m. 

8.55  a.m. 
10.18  a.m. 
11.06  a.  m. 
11.45  a.  m. 
12.41p.m. 

IJlp.m. 
2.21p.m. 
3.10  p.m. 
4.33  p.m. 
5.26  p.m. 
6.12  p.m. 
7.00  p.  m. 
7.51p.m. 

9.04  p.m. 

Fnu. 

1,480 

0 
SB 

0 
800 

0 

soo 

0 
800 

1,518 

sib 
ijb 

685 

526 
880 

^ 

1,600 

1,774 
1.44S 

H.6028 

H.6029 

H.60a0 

H.0Q31 
H.6032' 

lne,bk.8.,bn.M.. 

H.6083 

H.0Q34 

H.6Q35 

H.6Q36 

bn.M 

H.6087 
H.6088 

— i 

H.6089 

H.6040 

1 

H.6041 
H.6042 

bn.M.,  For 

H.6043 

bn.M 

H.6044 

H.6045 

H.6046 

H.6047 

H.e048 

H.6049 

i 

H.6060 

H.6061 

bn.M 

H.6052 

H.6053 

H.6064 

H.6065 

H.60S6 

H.6057 

H.6058 

bk.M 

H.6060 

H.6060 

H.6061 

H.6062 

H.6063 
H.6064 

bn.M.,Por 

Digitized  by 


Google 


DREDGING  AlTD  HYDKOGKAPHIC  RECORDS.  128 

iNVBcmGATiONB  ovF  Obbqon-Washinqton  Coasts,  1914  AND  1916 — Continued. 


Temperetare. 

Salinity. 

Apparatos. 

Trial. 

Drift. 

is 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dara- 
tkm. 

Direction. 

0 

Remarks. 

•F. 
71 

•F. 

67 

58 
58 
57 
57 
57 
&5 
55 
55 
54 
54 
54 
53 
53 
54 
54 
54 
54 
56 
55 
56 
56 
55 
55 
56 
56 
66 
66 
57 
57 
57 
57 
57 
67 
56 
55 
55 
66 

•F. 

LaC8dr.;ao-Ib. 

lead. 
do 

Mfn, 

Mi, 

fi7 

f7 

do 

136 

66 

66 

64 

U 

64 

60 

S7.5 

57 

56 

56 

61 

64 

63 

62 

62 

62 



...  .do 

Luc.sdr.;8igs. 

rod. 
Lac.  sdr.;30-lb> 

lead. 
.      .do 



..  .do.       .  .. 



do 

Lac.adr.;Sigs. 

rod. 
Luo.sdr.;3(>-lb. 

lead. 
do    

Weight  returned. 

do    ,    .    . 

.  ...do.    ... 

Lac.sdr.;Sigs. 

rod. 
do 

Lost  sounder. 

Luc.sdr.;3a-lb. 

lead. 
do 

do 

do 

n» 

...  .do 

64 

do 

L. 

do 

U 

do 

jr. 

Luc.sdr.;Sigs. 

rod. 
Luc.adr.;30-lb. 

lead. 
do. 

Weight  retamed. 

72 
72 
72 
73 
75 
71 
68 
68 
W 
06 
64 

» 

.  ..do.  .. 

-do.    . 

...do 

..do    

Lac.  adr.;  Bigs. 

rod. 
Luc.sdr.;30-lb. 

lead. 
do 

Do, 

do 

do 

Lac.sdr.-.Slgs. 

rod. 
Lao.8dr.;30-lb. 

lead. 
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124  U.  S.  BUBEAU  OF  FISHERIES. 

Dredoino  and  Htdsooraphic  Rbcords  Skcurbd  Dubino  Halibut 


station 
num- 
ber. 


PodtioxL 


Chart. 


Date. 

#9 

1916. 
Aug.  13 

«o 

...do 

Hfi 

...do 

«9 

Aug.  13 

«o 

...do 

«o 

...do 

«9 

...do 

«o 

...do 

«9 

...do 

«9 

...do 

«9 

...do 

«o 

...do 

«o 

...do 

«o 

...do 

«o 

...do 

«9 

...do 

«9 

...do 

«» 

...do 

«» 

...do 

#9 

...do 

#9 

...do 

«9 

...do 

»o 

...do 

i»9 

...do 

#9 

...do 

iJ9 

...do 

#9 

...do 

#9 

...do 

#9 

...do 

#9 

Aug.  14 

#9 

...do 

#9 

...do 

#9 

...do 

#9 

...do 

«9 

...do 

»9 

...do 

«9 

...do 

Tiineof 
day. 


Depth. 


I 


Chancier  of 


H.6065 
H.6066 
H.6067 
H.6068 
H.6060 
H.(»70 
H.6071 
H.a072 
H.6073 
H.6074 
H.6075 
H.6076 
H.8077 
H.6078 
H.6079 
H.6080 
H.6081 
H.6063 
B.6083 

H.6084 
H.QOgS 
n.6086 
H.6087 
H.6088 
U.6089 
H.6090 
H.0OQ1 
H.6092 
H.6003 
H.6094 
H.6005 
H.6096 
H.6097 
H.6098 
H.0099 
H.6100 
H.610I 


Tatooah  Id.  Lt.,  N.  70»  40' 

06"  E.,  278.8  milea. 
Tatoosh  Id.  Lt.,  N.  70-  41' 

32"  E.,  273.3  miles. 
Tatoosh  Id.  Lt.,  N.  70«  42' 

fiO"E.,267.7mUe8. 
Tatoosh  Id.  Lt.,  N.  70*  44' 

25"  £.,  262  miles. 
Tatoosh  Id.  Lt.,  N.  70-  45' 

52"  E.,  256.6  miles. 
Tatoosh  Id.  Lt.,  N.  70*  47' 

18"E.,251.2mile8. 
Tatoosh  Id.  Lt.,  N.  70«  48' 

45"  E.,  245.5  miles. 
Tatoosh  Id.  Lt.,  N.  70«  50' 

12"  E.,  240.3 miles. 
Tatoosh  Id.  Lt.,  N.  70«  51' 

38"  E.,  234.5  mUes. 
Tatoosh  Id.  Lt.,  N.  70*  53' 

05"  E.,  228.8  mUes. 
Tatoosh  Id.  Lt.,  N.  70'  54' 

31"  £.,  223.5  miles. 
Tatoosh  Id.  Lt.,  N.  70»  55' 

68"  E.,  217.7  miles. 
Tatoosh  Id.  Lt.,  N.  70-  67' 

24"  E.,  212.7 miles. 
Tatoosh  Id.  Lt.,  N.  70*  58' 

51"  £.,  207.8  miles. 
Tatoosh  Id.  Lt.,  N.  71"  00' 

17"E.,202.5miles. 
Tatoosh  Id.  Lt.,  N.  71*  01' 

44"  E.,  107.5  miles. 
Tatoosh  Id.  Lt.,  N.  7V  03' 

10"  E.,  102.2 miles. 
Tatoosh  Id.  Lt.,  N.  71*  04' 

37"  E.,  187.2  miles. 
Tatoosh  Id.  U.,  N.  71'  06' 

03"  E.,  182.4  miles. 


Tatoosh  Id.  Lt.,  N. 

30"  E.,  177.4  miles. 
Tatoosh, Id.  Lt.,  N. 

67"  E.,  172.3  miles. 
Tatoosh  Id.  Lt.,  N. 

23"  E.,  167.5 miles. 
Tatoosh  Id.  Lt.,  N. 

50"  E.,  162.3  miles. 
Tatoosh  Id.  Lt.,  N. 

16"  E.,  167.3  mUes. 
Tatoosh  Id.  Lt.,  N. 

43"  E.,  152.4  miles. 
Tatoosh  Id.  Lt.,  N. 

09"  E.,  147.3  miles. 
Tatoosh  Id.  Lt.,  N. 

36"  E.,  142 miles. 
Tatoosh  Id.  Lt.,  N. 

02"  E.,  137.5  miles. 
Tatoosh  Id.  Lt.,  N. 

20"  E.,  132.2  miles. 
Tatoosh  Id.  Lt.,  N. 

55"  E.,  127.1  mUos. 
Tatoosh  Id.  Lt..  N. 

22"  E„  122.1  miles. 
Tatoosh  Id.  Lt.,  N. 

48"  E.,  117.1  miles. 
Tatoosh  Id.  Lt.,  N. 

15"  E.,  112.1  miles. 
Tatoosh  Id.  Lt.,  N. 

42"  E.,  107.2  miles, 
Tatoosh  Id.  Lt.,  N. 

08"  £.,102.2  miles. 
Tatoosh  Id.  Lt.,  N. 

35"  £.,  97.4  miles. 
Tatoosh  Id.  Lt.,  N. 

01"  £.,  92.2  miles. 


71-07' 
71*08' 
7r  10' 
71"  11' 
71*  13' 
71"  14' 
71*  16' 
71*  17' 
71*  19' 
71*  20' 
71*  21' 
71«  23' 
71*  24' 
71*  26' 
71*  27' 
71*  29' 
71*  30' 
71*  32' 


P.  8. 
P.  8. 
P.S. 
P.  8. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S, 
P.S. 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 


9.64  p.  m. 
10.52  p  JO. 
lL48p.m. 
12.46  a.m. 

2.03  a.  m. 
2.61  a.  m. 
3.42  a.  m. 
4.32  a.m. 
6.20  a.m. 
6.29  a.  m. 
7.16  a.m. 
8.05  a.  m. 
8.63  a.  m. 
9.41  a.  m. 

10.60  a.  m. 
11.44  a.m. 
12.36  p.m. 

1.25  p.  m. 

2.13  p.  m. 

3.31  p.  m. 
4.18  p.  m. 

5.04  p.m. 
5.49  p.  m. 

6.39  p.m. 
7.51  p.  m. 
8.41  p.  m. 
9.29  p.  m. 

10.16  p.  m. 
11.05  p.  m. 
12.21  a.  m. 

1.09  a.  m. 

1.54  a.  m. 

2.40  a.  m. 

3.26  a.  m. 

4.32  a.  m. 
5.22  a.  m. 

6.14  a.  m. 


Fmt. 
0 


& 

1,644 
0 

m 

& 

0 
500 

0 

no 

1,433 

0 

0 
80Q 


1,530 
0 

m 

0 

50D 
0 

m 

0 
500 


0 
500 

0 
500 

0 
590 

0 

500 
1,457 


0 

500 
1,450 

0 
500 

0 
500 

0 
500 

0 

500 
1,430 


bn.  M.,  For. 


bn.  M. 


bn.  M.,  For. 


bn.  M.,  For. 


bn.  M.,  For. 


bn.  M.,For. 
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iNTBsnQATXOMs  oiT  Obxoon-Wa0hinqton  Coastb,  1914  AND  1915— Oontuiued. 


Tempemtiire. 

teUnity. 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Dlreotfoa. 

1 

Remarks. 

60 
60 
60 
58 
58 
50 
50 
60 
62 
66 
67 
68 
64 
66 

•F. 
55 

55 

55 

M 

5t 

51 
54 
54 

54 
54 
55 
56 
56 
56 
56 
56 
56 
56 
56 

56 
56 

66 
56 
56 
55 
54 
54 
53 
53 
53 
53 
63 
63 
68 
63 
63 
54 

•F. 

Liic.sdr.;30-Ib. 

lead. 
do 

mn. 

m. 

V 

* 

do 

Luo.adr.;Sigs. 

rod. 
Lac.8dr.;30-Ib. 

lead. 
do 

IVei^it  returned. 

do 

do 

Luc.sdr.;Sigs. 

rod. 
Luc.sdr.;30-lb. 

lead. 
do 

Da 

do 

do 

Luc.  sdr.;  Bigs. 

rod. 
Luc.8dr.;30-lb. 

lead. 
do 

66 

66 
68 
70 
71 

71 
70 
68 

do 

do 

a 

' 

Luc  sdr.;  Bigs, 
rod. 

Luc.8dr.;30-lb. 

lead. 
do 

Register    read     175 

fms.     when     sdr. 
reached  surface. 

do 

do 

|6A 

Luc.  sdr.;  Bigs. 

rod. 
Luc.sdr.;30-lb. 

lead. 
do 

63 

66 

66 
57 
57 
57 
57 
S7 
56 
56 
68 
58 
02 

do 

do 

Luc.sdr.;Slgs. 

rod. 
Luc.sdr.;30-lb. 

lead. 
do 

do 

do 

Luc.  sdr.;  Bigs. 

rod. 
Luc.9dr.;30-lb. 

lead. 
....  do 

WAlght  rftt^^niMl. 

do 
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Dbbdoino  and  Htdrogkaphxc  Rsgobdb  Sxcurbd  Dubimo  Haubut 


station 
num- 
ber. 


H.6103 
H.6103 
H.6104 
H.6106 
H.6106 
H.6107 
H.6106 
H.6109 

H.6110 
H.6111 
H.eU2 
H.6U3 
H.eiH 
H.6116 
H.6116 
H.6117 
H.6118 
H.611Q 

H.eiao 

H.6121 
11.6122 
H.6123 
H.6124 


H.6125 
H.6126 
H.6127 
H.6128 
H.6129 
H.6130 
H.6131 
H.6132 
H.6183 
H.6134 
H.6135 
H.6136 


Position. 


TatoQsh  Id.  Lt.,  N.  ?!•  33' 

28''  £.,  87.3  mUeB. 
Tatoosh  Id.  U.,  N.  71*  34' 

64"£.,82.1mfle8. 
Tatoosh  Id.  Lt.,  N.  n»  36' 

21"E.,77.3inne8. 
Tatoosh  Id.  Lt.,  N.  n»  87' 

47"  E.,  72.3  mfles. 
Tatoosh  Id.  Lt.,  N.  71*  »' 

14"  E.,  67.3  mjlw. 
Tatoosh  Id.  Lt. .  N.  71*  IC 

40"E.,62.4inJle8. 
Tatoosh  Id.  Lt.,  N.  71*  ^ 

07"  E.,  67.6  miles. 
Tatoosh  Id.  Lt..  N.  71*  48' 

33"  £.,  62.6  mQes. 

Tatoosh  Id.  Lt.,  N.  71*  46' 

£.,  47.7  miles. 
Pachena  Pt.  Lt.,  N.  66»  40* 

£.,  41.7  mUes. 
Pachena  Pt.  Lt.,  N.  66»  46' 

£.,  46.7  miles. 
Pachena  Pt.  Lt.,  N.  67*  E., 

61.6  miles. 
Pachena  Pt.  Lt.,  N.  67*  6'  E., 

66.3  miles. 
Pachena  Pt.  Lt.,  N.  67«  30' 

£.,  61  mUes. 
Pachena  Pt.  Lt,,  N.  67*  46' 

£.,  65.9  miles. 
Pachena  Pt.  Lt.,  N.  68*  £., 

70.8  miles. 
Pachena  Pt.  Lt.,  N.  68*  6' 

E.,76.1rallfc. 
Pachena  Pt.  Lt.,  N.  68*  25' 

£.,  79.7  mUes. 

Pachena  Pt.  Lt.,  N.  68»  46' 

£.,  83.9  miles. 
Pachena  Pt.  Lt,,  N.  68*  48' 

£.,  88.8  miles. 
Pachena  Pt.  Lt.,  N.  68*  61' 

E.,94  miles. 
Pachena  Pt.  Lt.,  N.  68*  64' 

£.,  98.5  miles. 
Pachena  Pt.  Lt.,  N.  68*  67' 

£.,  103  miles. 


Pachena  Pt.  Lt.,  N.  69«  £., 

108  miles. 
Pachena  Pt.  Lt.,  N.  69*  £., 

112.5  miles. 

Pachena  Pt.  Lt.,  N.  69*  £., 

117.6  mUes. 

Pachena  Pt.  Lt..  N.  69"  1' 

40"  £.,  122.1  miles. 
Pachena  Pt.  Lt.,  N.  69"  2' 

26"  £.,  127.1  mUes. 
Pachena  Pt.  Lt.,  N.  69"  5' 

£.,  131.7  miles. 
Pachena  Pt.  Lt.,  N.  69"  10' 

£.,  136.7  mUes. 
Pachena  Pt.  Lt.,  N.  69*  15' 

£.,  141.1  miles. 
Pachena  Pt.  Lt.,  N.  69"  20^ 

£.,  146  miles. 
Pachena  Pt.  Lt.,  N.  69"  25' 

£.,  150.7  miles. 
Pachena  Pt.  Lt.,  N.  69"  30' 

£.,  155.7  miles. 
Pachena  Pt.  Lt.,  N.  69"  32' 

£.,  160.5  mUes. 


Chart. 


P.  S. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 

P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.  8. 
P.S. 
P.  8. 
P.S. 
P.S. 

P.S. 
P.S. 
P.S. 
P.S. 
P.S. 


P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 


Date. 


Time  of 
day^. 


1916. 
Aug.  14 

..do.... 

...do.... 

...do.... 

...do I 

I 
...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do.... 
Aug.  15 

...do.... 
...do.... 
...do.... 
...do.... 
...do.... 


..do... 
..do... 
..do... 
..do... 
..do.... 
..do.... 
..do..., 
.do... 
.do... 
.do.... 
.do... 
.do.... 


7.04  a.  m. 

7JS0a.  m. 

8.67  a.  m. 

9  45  a.m. 
10.33  a.  m. 
11.33  a.  m. 
12.a0p.m. 

1.10  p.  m. 

1.57  p.  m. 
4.66  p  m. 

5.40  p.  ra. 
6.25  p.  m. 
7.12  p.  m. 
8.45  p.  m. 
9.34  p.  m. 

10.24  p.  m. 
11.12  p.m. 
12.01  a.  m. 

1.10  a.  m. 
2.02  a.  m. 
2.53  a.  m. 

3.41  a.  m. 
5.15  a.  m. 


6.24  a.  m. 
7.11  a.m. 
7..16  a.  m. 

8.45  a.  m. 
9.33  a.  m. 

10.41  a.m. 
11.29  a.m. 
12.09  p.m. 

1.02  p.m. 

1.50  p.m. 

2.54  p.  m. 

3.46  p.m. 


Depth. 


Chancterof 
bottom. 


0 

soo 

1,268 

0 

5QQ 
0 

m 
0 

800 

0 
500 

650 

490 

240 

210 

800 

390 

724 

0 
500 

0 
500 

0 
500 

0 

500 
1,400 


0 
500 

0 
500 

0 
500 

0 

500 
1,465 


0 
500 

0 
500 

0 

500 
1,450 

0 
500 

0 
500 

0 
500 

0 
500 

1,445 
0 

500 

0 

500 


gn.M. 


gn.M. 


gran.  ShL 

gy.8 : 

iiie,gy.  8 | 

crs.  and  bie.  gy.  S. 
gy.S.,G ! 


gn.M. 


bn.  M.,  For. 


bn.M.,For. 


bn.  M.,  For. 
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iNYSsnoAixoNs  OFF  ORBooN-WABHiNaTON  G0A8T8, 1914  AND  1915 — Continued. 


1  Teiuptistiire. 

Salinity. 

Apporatoa. 

Trial. 

Drift. 

is 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

s 

\ 
Remarks. 

(57 
(3 

54 
55 
56 
66 
56 
56 
56 
56 

56 
56 

66 
56 
56 
56 
54 
54 
54 
54 

53 
53 
54 
54 
54 

55 
56 
56 
56 
56 
56 
56 
67 
56 
56 
58 
SB 

"F. 

Liic.8dr.;30.1b. 

lead. 
Lac.9dr.;Sig8. 

rod. 
Luo.adr.;30-lb. 

lead. 
do 

Min. 

ML 

<n 

a 

do 

61 

do 

64 

64 

02 
67 
67 
67 
67 
64 
63 
02 
61 
61 

60 
60 
60 
60 
61 

61 
68 
60 
70 
60 
60 
71 
72 
67 
64 
63 
(0 

Lnasdr.;  Sigs. 

rod. 
Liio.sdr.;30-lb. 

lead. 

do 

Register  read  20  fms. 
when  lead  was  in. 
No  botm.  sample. 

do 

do 

do 

do 

0.  sample  lost. 

do 

do 

do 

do 

Locadr.;  Slgs. 
rod. 

Liio.sdr.;30-lb. 

lead. 
do 

Register  read  15  fms. 

when  all  wire  was 
hove  in. 

do 

do 

Luc.  8dr.;  Bigs, 
rod. 

Ltic.8dr.;30.1b. 

lead. 
do 

Sounding  rod  and  5 

*' 

tais.  Mire  carried 
away  because  of 
kink  in  wire;  re- 
pairs made  and  op- 
erations continued. 

do 

do 

Luc.sdr.;Sigs. 

rod. 
Luc.9dr.;30-lb. 

lead. 
do 

Weight  returned. 

do 

do 

Ltic.8dr.;Sig8. 

rod. 
Luc.8dr.;3a.!b. 

lead. 
do 

"        J 

i 
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Dredging  and  Htdrooraphic  Records  Secured  During  Halibut 


station 
num- 
ber. 


H.6137 
H.6I38 
H.6130 
H.6140 
H.6141 
H.ei42 
H.6143 
H.6144 
H.6145 
H.614d 
H.6147 
H.6148 
H.6149 
H.6I50 
H.6151 
H.6152 
H.6153 
H.6154 
H.6155 
H.6I56 
H.6I57 
H.6168 

H.eise 

H.6160 
H.6161 
H.6162 
H.ei63 
H.6164 
H.6165 
H.6166 
H.6167 
H.6168 
H.61G0 
H.6170 
H.6171 
H.6172 
H.6173 


Position. 


Pachena  Pt.  Lt.,  N.  00**  34' 

E.,  165.2  miles. 
Pachena  Pt.  Lt.,  N.  69"  86' 

£.,  169.6  mUes. 
Pachena  Pt.  Lt.,  N.  69*  38' 

£.,  174.5  miles. 
Pachena  Pt.  Lt.,  N.  69"  40' 

£.,  179.2  miles. 
Pachena  Pt.  Lt.,  N.  69^  42' 

E.,184mUe6. 
Pachena  Pt.  Lt.,  N.  69»  44' 

E.,  189  miles. 
Pachena  Pt.  Lt.,  N.  69"  46' 

E.,  193.8  mUes. 
Padiena  Pt.  Lt.,  N.  69*  48' 

E.,  198.6  miles. 
Pachena  Pt.  Lt.,  N.  69*  50' 

E.,  203.5  miles. 
Pachena  Pt.  Lt.,  N.  69"  52' 

E.,  208.3  miles. 
Pachena  Pt.  Lt.,  N.  69**  54 

E.,  213.8  miles. 
Pachena  Pt.  Lt.,  N.  69*  56' 

E.,  218.7  miles. 
Pachena  Pt.  Lt.,  N.  69*  68' 

E.,  223.7  miles. 
Pachena  Pt.  Lt.,  N.  70*  E. 

228.5  mUes. 
Pachena  Pt.  Lt.,  N.  70*  E. 

233.2  miles. 

Cape  Beale  Lt.,  N.  70*  E. 

230.3  miles. 

Cape  Scale  Lt.,  N.  71*  15'  E. 

&0.3  miles. 
Cape  Bealc  Lt.,  N.  72i*  E. 

&0.5  miles. 
Cape  Beale  Lt.,  N.  73*  45'  E. 

23a7  miles. 
Cape  Beale  Lt..  N.  73*  47'  18' 

E.,  226  miles. 
Cape  Beale  Lt.,  N.  73*  49'  37' 

E.,  221.3  miles. 
Capo  Beale  Lt.,  N.  73*  51' 55' 

E.,  216.8  mUes. 
Cape  Beale  Lt.,  N.  73*  54' 14' 

E.,  211.9  miles. 
Cape  Beale  Lt. ,  N .  73*  56' 32' 

£.,  207.2  miles. 
Cape  Beale  Lt.,  N.  73*  58'  51' 

E.,  202.5  miles. 
Cape  Beale  Lt.,  N.  74*  01'  09' 

E.,  197.7  miles. 
Cape  Beale  Lt.,  N.  74*  E 

192.8  miles. 
Cape  Beale  Lt.,  N.  74*  E. 

187.8  miles. 
Cape  Beale  Lt.,  N.  74*  E. 

182.8  miles. 
Pachena  Pt.  Lt.,  N.  74*  10' 

23"  E.,  178.1  miles. 
Pachena  Pt.  Lt.,  N.  74*  12 

42"  E.,  172.8  miles. 
Pachena  Pt.  Lt.,  N.  74*  15 

E.,  167.6  miles. 
Pachena  Pt.  Lt.,  N.  76*  15' 

E.,  165.8  miles. 
Pachena  Pt.  Lt.,  N.  76*  15' 

E.,  160.8  miles. 
Pachena  Pt.  Lt.,  N.  76*  15' 

E.,  156.3  miles. 
Pachena  Pt.  Lt.,  N.  76*  16' 

E.,  151.3  miles. 
Pachena  Pt.  Lt.,  N.  76*  15' 

E.,  146.4  mUes. 


Chart. 


P.S. 
P.  8. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S, 
P.S. 
P.S. 


Date. 


1915. 
Aug.  15 

...do.... 

...do.... 

...do.... 

...do 

...do.... 

...do.... 

...do 

...do.... 

Aug.  16. . 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do 

...do.... 

...do 

...do..... 

...do...., 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Time  of 
day. 

Depth. 

Fmt. 

4.34  p.m. 

JL 

5QD 

5.21p.m. 

0 

5QD 

6.17  p.m. 

1,430 

7.15  p.m. 

0 

soo 

8.02  p.m. 

0 

m 

8.49  p.m. 

JL 

m 

9.37  p.m. 

JL 

m 

10.26  p.m. 

1,438 

11.35  p.m. 

0 

SOD 

12.28  a.m. 

JL 

m 

1.16  a.m. 

0 

800 

2.03  a.  m. 

0 

soo 

2.58  a.m. 

1,236 

3.54  a.  m. 

0 

SOO 

4.42  a.  m. 

1,582 

5.52  a.  m. 

0 

500 

6.37  a.  m. 

0 

500 

7.23  a.  m. 

0 

500 

8.10  a.m. 

0 

SOD 

9.04  a.  m. 

1,600 

10.20  a.  m. 

0 

SOD 

11.08  a.m. 

0 

SOD 

11.46  a.m. 

0 

SOD 

12.34  p.  m. 

0 

500 

1.21p.m. 

1,565 

2.32  p.m. 

0 

500 

3.18  p.m. 

0 

800 

4.05  p.  m. 

0 

800 

4.51  p.  m. 

0 

500 

5.38  p.  m. 

1,387 

6.44  p.  m. 

0 

500 

7.34  p.  m. 

0 

500 

8.28  p.  m. 

0 

500 

9.15  p.m. 

0 

500 

10.05  p.m. 

1,410 

11.05  p.  m. 

0 

500 

11.54  p.m. 

0 

500 

Chancier  of 
bottom. 


bn.M. 


bn.M.,For. 


bn.M.,For. 


bn.  M.,  For. 


hn.  M.,  For. 


bn.M.,  For. 


yl.M.,For.. 


bn.M.,  For. 
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Tempauture.  [     Salinity. 

Apptiatot. 

TrlaL 

Drift. 

,1 

< 

•J. 

62 

62 
61 
60 
58 
58 
57 
57 

i 

i 

Surf. 

Botm. 

Depth. 

Dura- 
tkm. 

Direction. 

Q 

Remarks. 

57 
56 
55 

55 
•54 
54 
&4 
54 
53 
53 
53 
53 
52 
52 
53 

" 

54 

55 
55 
56 
56 
56 
56 
56 
57 
57 
57 
57 
56 
56 
56 
56 
54 
54 

•F. 

Luo.8dr.;30-lb. 

lead. 
do 

J/m. 

Mi. 

Liie.9dr.;Slgs. 

rod. 
Luc.  9dr.;  30.1b. 

lead. 
do 

1 

(lA 

!            1 

1 
do 

!            i 

Luc.8dr.;8ig8. 

rod. 
Luc.sdr.;8a-Ib. 

do. 

i            1 

'  57 

t 
57 

60 

do 

1 

M 

do 

1 

M 

Luc.8dr.;Sigs. 

rod. 
Luc.8dr.;30.1b. 

lead. 
Luc.8dr.;8igs. 

rod. 
Luo.sdr.;30.1b. 

lead. 
do 

1 

M 

1      ■ 

',W 

1 

>» 

1 

59 

1 

60 

do 

i 

1 
64 

do 

IM 

Luo.8dr.;Slgs. 

rod. 
Luc.  sdr.;  30.1b. 

lead. 
do 

64 

!              '      t 

64 

M 

do 

! 

64 

do 

i 

-65 

Luc.  sdr.;  Bigs. 

rod. 
Lao.  sdr.;  30.1b. 

lead. 
do 

1        !             1 

.65 

1 ! ' 

64 

\"    1 

64 

do 

1 

61 

do 

i ' 

64 

1 

Luc.8dr.;Sigs. 

rod. 
Luc.  sdr.;  30.1b. 

lead. 
do 

' 

64 
64 
60 

1 

' 1 

.        1     ...do 

! 

59 

.      1         ...o 

i"  '   ■''         1 

58 

Lac.9dr.;Sigs. 

rod. 
Lao.8dr.;30^1b. 

lead. 
do 

1 

58;    54 
58      54 

1              1 

1 

572"- 

-21— 

I 

—9 
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Drxdoing  and  Htdrooraphig  Records  Sbcttrbd  DineiKG  Halibut 


station 
num- 
ber. 


H.6174 
H.6176 
H.6176 
H.6177 
H.6178 
H.6179 
H.6180 
H.6181 
H.6182 
H.«183 
H.6184 
H.6185 
H.6186 
H.A187 
H.6188 
H.6189 
H.6190 
H.6191 
H.6102 
H.6103 

H.61M 
H.6ig5 
H.6106 
H.6197 
H.6198 
H.6199 
H.6200 
H.fi201 
H.62(n 
H.6203 
H.6204 
11.6206 
H.6206 
H.6207 
H.6208 
H.6209 
H.0210 
H.6211 


POflttUm. 


Pachen*  Pt.  U.,  N.  76*  15' 

E.,  141.5  miles. 
Pachena  Pt.  Lt.,  N.  76*  15' 

E.,  136.8  miles. 
Pachena  Pt.  Lt.,  N.  76'  15' 

E.,  131.7  miles. 
Pachena  Pt.  Lt.,  N.  76**  15' 

E.,  126.9  miles. 
Pachena  Pt.  Lt.,  N.  76**  15' 

E.,  122.1  miles. 
Pachena  Pt.  Lt.,  N.  76'  15' 

£.,  117.3  miles. 
Pachena  Pt.  Lt.,  N.  76**  E., 

112.5  miles. 
Pachena  Pt.  Lt.,  N.  76**  E., 

107.8  miles. 
Pachena  Pt.  Lt..  N.  76**  E., 

102.8  miles. 
Pachena  Pt.Lt.,N.76«  E., 

98  mileji. 
Pachena  Pt.  Lt.,  N.  76*'  E., 

93.2  miles. 
Pachena  Pt.  Lt.,  N.  76"  E^ 

88.2  miles. 
Pachena  Pt.  Lt.,  N.  75*  50' 

E.,  83.3  miles. 
Pachena  Pt.  Lt.,  N.  76"  50' 

£.,  78.4  miles. 
Pachena  Pt.  Lt.,  N.  78"  E., 

74mUes. 
Pachena  Pt.  Lt.,  N.  80**  E., 

60.8  miles. 
Pachena  Pt.  Lt.,  N.  82**  46' 

E.,  66.6  miles. 
Pachena  Pt.  Lt.,  N.  85**  E., 

61.7  miles. 
Pachena  Pt.  Lt.,  N.  88**  15' 

E.,  68  miles. 
Pachena  Pt.  Lt.,  N.  88**  30' 

E.,  64.2  miles. 

Cape  Bhoalwater  Lt.,  N.  06* 

£.,  20.8  miles. 
Cape  Bhoalwater  Lt.,  N.  68* 

£.,21.5mUes. 
Cape  Bhoalwater  Lt.,  N.  70* 

£.,  22.4  miles. 
Cape  Bhoalwater  Lt.,  N.  71* 

£.,  23.4  miles. 
Cape  Bhoalwater  Lt.,  N.  72^* 

£.,24.3  miles. 
Cape  Bhoalwater  Lt.,  N.  74* 

£.,  26  miles. 
Cape  Bhoalwater  Lt.,  N.  76* 

£.,  24  miles. 
Cape  Bhoalwater  Lt.,  K.  78* 

£.,24.3  miles. 
Cape  Bhoalwater  Lt.,  N.  80^* 

£.,24.1  miles. 
Cape  Bhoalwater  Lt.,  N.  83* 

£.,  23.9  miles. 
Cape  Bhoalwater  Lt.,  N.  85* 

£.,  23.8  miles. 
Cape  Bhoalwater  Lt.,  N.  86* 

£.,24.7  miles. 
Cape  Bhoalwater  Lt.,  N.  86i* 

E.,25.7mUes. 
Capo  Bhoalwater  Lt.,  N.  87* 

£.,  26.7  miles. 
Cape  Bhoalwater  Lt.,  N.  88* 

£.,  27.6  miles. 
Cape  Bhoalwater  Lt.,  N.  88^* 

£.,  28.6  miles. 
Cape  Bhoalwater  Lt.,  N.  89* 

£.,  29  J(  miles. 
Cape  Bhoalwater  Lt.,  N.  89^ 

£.,30.4  miles. 


Chart. 


P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.B. 
P.S. 
P.B. 
P.B. 
P.S. 
P.S. 
P.B. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 
P.S. 


#9 
«9 
#9 

#9 
#9 

as. 

6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
OlOO 
6100 
6100 
6100 


Date. 


1915. 
Aug.  17 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do.!... 

...do 

...do 

...do 

...do 

...do 

...do 

Sept.    4 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


Time  of 
day. 


13.44  a.  m. 

1.34  a.  m. 

2.22  a.m. 

3.33  a.  m. 

4.29  a.  m. 

5.16  a.m. 

6.03  a.  m. 

6.50  a.  m. 

7.69  a.  m. 

^.51  a.  m. 

9.40  a.  m. 
10.27  a.  m. 
11.13  a.m. 
12.21  p.m. 

1.22  p.m. 

2.11p.m. 

2.59  p.m. 

3.48  p.m. 
4.38  p.m. 
5.24  p.  m. 

10.42  a.  m. 
11.02  a.m. 
11.19  a.  m. 
11.35  a.m. 
11.53  a.  m. 
12.08  p.m. 
12.35  p.m. 
12.67  p.m. 

1.19  p.m. 

1.38  p.  m. 

1.54  p.m. 

2.11  p.m. 

2.26  p.  m. 

2.42  p.m. 

2.59  p.m. 

3.16  p.m. 

3.32  p.m. 

3.49  p.  m. 


Depth. 


Charactorof 
bottom. 


Fvu. 
0 

m 

0 

m 

1.430 


0 

SQO 
0 

m 

0 
SOS 

1,439 


0 

500 

0 

500 
0 

500 
1,432 


705 
300 
180 

109 

207 

191 

177 

133 

0 
30Q 

284 

268 
167 
97 
87 
90 
94 
136i 
109 
122i 
136i 
194 


bn.  M.,  For. 


bn.  IL,  For. 


bn.  M.,  For. 


gn.M 

....do. 

fne.gy.8... 


gn.M 

gn.H.,Cne.bk.8. 
gn.M.,fne.gy.S.. 
rne.gn.S.,gn.M.. 
gy.M.,bk.S 


gn.M.,lne.gy.8... 

gn.M 

bl.Shl 

fne.gy.a 

do. 

do 

do 

bl.M,,fne.g>-.S 
fne.gy.S 


toe.  gn.  8.,  gn.  M., 

crs.bk.B. 
toe.gii.8.fcr8.bk. 

8. 
toe.giLS 
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Tpraperature. 

Salinity. 

Apiparatus'. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

Remarks. 

"F. 
54 

54 

54 

54 
54 

•/•. 

Luc.  sdr  *  30- 

Ib.  lead. 
do 

Min. 

Ml 

•is 

58 

Luc.  sdr.;  Bigs. 

rod. 
Luo.8dr.;30-lb. 

lead. 
do 

1                                 1 

RT 

'     .            1 

57 
61 
61 
61 
61 
62 
62 
62 
62 
l>2 

\ 

54 

do 

55 
55 
55 
56 
56 
56 
56 
56 
56 
56 
56 
56 
5R 

do 

. 

Luc.sdr.;Sigs. 

rod. 
Luc.8dr.;30-lb. 

lead. 
do 

1 

1 

"      * 

do 

V 

do 

'        !             1 

Luc.8dr.;81gB. 

rod. 
Luc.8dr.;30-lb. 

lead. 
do 

1 

1 

'(n 

* 1 

.             1 

1 

do 

63 

do :               ' i 

iai 

Luc. sdr.;  Sigs. 

rod. 
Luc.8dr.;30-lb. 

lead. 
do 

1 

63 

1 

Im    ^ 

1          1 

64 

55 
56 
56 
56 
56 

E1.8dr.;  30-lb. 

lead. 
do 

1          ! 

I 
63 

1                   1 

63 

63 
63 
63 

do 

1 

do 

! 

1 

do 

1      1 

do 

1      1 

63  '   an 

1 

ao ;:::::;  :::::;:i:::::::::;l:: 

66 

66 

56 
56 
56 
56 
56 
56 
56 
56 
56 
56 
56 

1      1 

do ' 

i do.........L...._.l 1 ..... 

66 

do 1 1 

^66 

1 

do 1 1 

r» 

do L._ 

;66 

' do ' • 1 

1 

166 

1 

' do... ' • ' 

1 
64 

1 

...     do                                              

1 
i64 

1 

..   do  .  .   i          .....J 

'64 

i 

do ' ' 

64 

1 

...  do 

1 

1 1 1 ' 
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Dredoino  and  Hybboobaphig  Rboords  Sbcured  During  Halibut 


station 
num- 
ber. 

PosiUon. 

Chart. 

Date. 

Time  of 
day. 

I>epth. 

Character  of 
bottom. 

as. 

1915. 

Fvu. 

H.0212 

Cape  Shoalwater  Lt.,  N.  m* 
E.,  31.3  miles. 

6100 

Sept.   4 

4.07  p.  m. 

219 

fiia.gy.8 

H.8213 

Cape  Shoal  water  Lt.,   E., 
32.3  miles. 

6100 

...do 

4.26  p.  m. 

247 

Kn.M.,graiL8hI... 

H.6214 

Cape  Shoal  water  Lt.,  S.  «9i' 
E.,33.2mUes. 

6100 

...do 

4.45  p.m. 

^ 

H.6215 

Cape Shoalwater  Lt.,  S.  sor 
R.,  32.2  mUes. 

6100 

...do 

5.11p.m. 

261 

!ne,gy.B 

H.0216 

Cape  Shoalwater  I.t.,  S.  88^ 
E.,  31.2  miles. 

6100 

...do 

5.31  p.  m. 

202 

gy.S.,cM.S 

H.6217 

Cape  Shoalwater  Lt.,  S.  87}* 
E.,  30.3  miles. 

6100 

...do 

5.48  p.  m. 

149 

toe.gn.B 

H.6218 

Cape  Shoalwater  Lt,  S.  ST 
£.,  29.4  miles. 

GlOO 

...do 

6.07  p.  m. 

1114 

iiie.bk.8 

H.6219 

Cape  Shoalwater  Lt.,  S.  86i* 
E.,  28.5  miles. 

6100 

...do 

6.23  p.  in. 

98 

toegyS 

H.6220 

Cape  Shoalwater  Lt.,  S.  85* 
E.,27mUes. 

6100 

...do 

6.39  p.  m. 

92 

gn.M.,&ie.bk.S.. 

H.fl221 

Capo  Shoalwater  Lt.,  N.  77° 
E.,  23.7  miles. 

6100 

...do 

8.20  p.  m. 

143 

fne.  gy.  S 

H.6222 

Cape  Shoalwater  Lt.,  N.  73^ 
E.,  23.1  miles. 

6100 

•do 

8.42  p.  m. 

232 

H.6223 

Tillamook  Head  Lt.,  S.  49" 
E.,  15.5  miles. 

6100 

Sept.    5 

6.01  a.  m. 

68 

fne.  gy.  S.,  gn.  M.. 

H.«224 

Tillamook  Head  Lt.,  S.  56^ 
E.,  15. 3  miles. 

6100 

...do 

6.28  a.  m. 

72 

* 

do 

H.6225 

TiUamook  Head  Lt,  8.  66' 
E.,  15.5  miles. 

6100 

...do 

6.51  a.  m. 

■ 

77 

do 

H.6226 

Tillamook  Head  Lt.,  S.  72^ 
£.,  15.8  miles. 

6100 

...do 

7.10  a.m. 

79 

do 

H.6227 

Tillamook  Head  Lt.,  S.  W 
E.,  16.5  miles. 

6100 

...do 

7.28  a.m. 

82 

gn.M 

H.6228 

TUlamook  Head  Lt.,  S.  87' 
E.,  17.5  miles. 

6100 

...do 

7.53  a.  m. 

82 

do 

H.6229 

Tillamook  Head  Lt,  S.  82^ 
E.,  17.2  miles. 

6100 

...do 

8.13  a.  m. 

82 

do 

H.6230 

TUUunook  Head  Lt.,  S.  78« 
E.,  16.9  miles. 

6100 

...do 

8.28  a.  m. 

82 

gn.  H.,  fiae.  gy.  8.. 

H.6231 

Tillamook  Head  Lt.,  S.  721* 
£.,16.8  miles. 

6100 

...do 

8.43  a.  m. 

81 

do 

H.6232 

Tillamook  Head  Lt.,  S.  68^ 
E.,  16.8  miles. 

6100 

...do 

8.58  a.  m. 

78 

do 

H.6233 

Tillamook  Head  Lt,  S.  M" 
E.,  16.9  miles. 

6100 

...do 

9.14  a.  m. 

77 

do 

H.6234 

Tillamook  Head  Lt,  S.  631' 
E.,  18  miles. 

6100 

...do 

1.55  p.m. 

72J 

do 

H.6235 

Tillamook  Head  Lt.,  S.  eoj" 
E.,  18.4  miles. 

6100 

...do 

2.16  p.m. 

71 

do 1 

H.623A 

Tillamook  Head  Lt,  R.  581" 
E..  18.8  miles. 

6100 

...do 

2.30  p.m. 

70J 

do 

H.«237 

Tillamook  Head  Lt.,  S.  55r 
E.,  19.4  miles. 

6100 

...do 

2.46  p.  m. 

69 

do 

H.6238 

Tillamook  Head  Lt,  S.  53* 
E..  19.8  miles. 

6100 

...do 

3.01p.m. 

68 

toe.gy.S 

H.e239 

Tillamook  Head  Lt.  6.  59* 
E.,  19.5  miles. 

6100 

...do 

3.28  p.  m. 

70* 

fne.  gy.  8.,  ga.  ll.. 

H.6240 

Tillamook  Head  Lt,  S.  6ir 
E.,  19.6  miles. 

6100 

...do 

3.43  p.  m. 

72 

do 

H.8241 

Tillamook  Head  Lt,  S.  64)* 
E.,  19.5  miles. 

6100 

...do 

3.57  p.m. 

73 

do 

H.6242 

Tillunook  Head  Lt.,  S.  671* 
E.,  19.5  miles. 

6100 

...do 

4.10  p.m. 

70 

do 

H.0243 

Tillamook  Head  Lt.,  8.  70* 
E.,  19.6  miles. 

610U 

...do 

4.24  p.m. 

75 

do 

H.6344 

Tillamook  Head  Lt,  S.  73* 
E.,  19.7  miles. 

6100 

...do 

4.37  p.  m. 

78 

do 

H.0245 

Tillamo<*  Head  Lt.,  S.  78* 
E.,  20.2  miles. 

6U)0 

...do..... 

5.01p.m. 

78 

do ; 

n.6246 

TiUamook  Head  Lt.,  8.  86* 
E.,21.2mi]e8. 

6100 

...do..... 

5.35  p.m. 

86 

en  M         

©•*•  "* • 

H.6247 

TiUamook  Head  Lt.,  S.  81^ 

E.,  21.9  miles. 
Tfllamook  Head  Lt,  8.  77* 

E.,  23.6  miles. 

6100 

...do 

6.10  p.m. 

86 

gn.M,,«r».gy.S... 

H.d348 

6100 

...do 

6.45  p.m. 

84 
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Inyesxioations  off  Oreoon-Washinoton  Coasts,  1914  and  1915— €ontmued. 


1  Temperature. 

SaUnity. 

Apparatus. 

Trial.                   Drift. 

< 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

DJrocUon. 

P 

Remarks. 

67 
(7 

•F. 
56 

56 

56 

'F. 

• 

E1.8dr.;a0-lb. 

lead. 
do 

Min. 

Afl. 

i 

07 

do 

a'M 

' do 

G      54 

1 
do 

(a 

54 
54 
54 
54 
53 
53 
53 
53 

do 

1 

63 

do..  . 

63 

do.    . 

i 

« 

do. 

1         1 

!,« 

do. 

1         1 

5ft 

1 

-do. 

'  "'*'  ] 

99 

do 

!         , 

59 

' do 

1 

SO 

53 

■ do 

I 

60i    54 

' do 

I 

ifiO 

54 
54 

'..     .     1       ..do. 

1 

61 

...do. 

i 

61      54 

do 

i      1 

61 

54 

54 

do 

1 

61 

do 

61      51 

1 

do.     10....' 

62 

55 
56 

57 
57 
57 
57 
57 
57 
.••7 

1 

do. :...}. . . 

;63 

1 

do i 

1 

1 
63 

1 

..do.             ' 

1 

63 

1 

do.::::L:.::i;::::::'::::::: 

,63 

1*  " 

do 1 

! 

|63 

1 

do ! 

I 

(R 

1 

do ' 

\^ 

.....do 1  

1 
63 

do '      ' 

63      57 

do ' ' 

<63      57 

do.                1 • 

63      57 

1                  1 

do 

1 
63      57 

do 

Clean  lead. 

63      57 

do        . 

62     57 

do 

'«'    57 

.      do i 
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Dredging  and  Hydrographic  Records  Secured  During  Halibut 


SUition 
num- 
ber. 

Position. 

Chart. 

Date. 

Time  of 
day. 

C.8. 

1915. 

H.6249 

Tillamook  Head  Lt.,  B.  7!^' 
E.,  23  miles. 

6100 

Sept.   5 

7.02  p.m. 

H.6250 

Tillamook  Head  Lt.,  S.  73° 
E.,  23.5  miles. 

0100 

...do 

7.18  p.m. 

H.6251 

Tillamook  Head  Lt.,  B.  7l» 
E.,  24.1  miles. 

6100 

...do 

7.35  p.m. 

H.6252 

Tillamook  Head  Lt.,  S.  67^ 
E.,  25.2  miles. 

6100 

...do 

8.03  p.m. 

H.6253 

TiUamook  Head  Lt.,  S.  64« 
E.,  26.3  miles. 

6100 

...do 

8.31p.m. 

H.82M 

Tillamook  Head  Lt.,  S.  61^ 
E.,  27.5  miles. 

6100 

...do 

9.00  p.m. 

H.0255 

Tillamook  Head  Lt.,  S.  60" 
E.,28.lmiles. 

6100 

...do 

9.18  p.m. 

H.6256 

TiUamook  Head  Lt.,  S.  5©° 
E.,  28.7  miles. 

6100 

...do 

9.36  p.  m. 

H.6257 

E.,  29.4  miles. 

6100 

...do 

9.54  p.m. 

H.ft268 

Tillamook  Head  Lt.,  S.  55" 
E.,  27.6  miles. 

6100 

...do 

10.33  p.m. 

H.62S0 

TiUamook  Head  Lt.,  S.  62'» 
E.,25.9mUes. 

6100 

...do 

11.06  p.m. 

H.6260 

TUlamook  Head  Lt..  S.  51" 
£.,25mUes. 

6100 

...do 

11.23  p.m. 

H.6261 

TUlamook  Head  Lt.,  S.  6tt<* 
E.,  26.5  miles. 

6100 

Sept.    6 

7.26  a.  m. 

H.6262 

TUlamook  Head  Lt.,  S.  70" 
E.,  27.4  mUes. 

6100 

...do 

7.42  a,  m. 

H.e263 

TUlamook  Head  Lt.,  S.  714" 
E.,  28.2  miles. 

6100 

...do 

8.04  a.m. 

U.0a64 

TUlamook  Head  Lt.,  8.  72i" 
E.,29mU0s. 

6100 

...do 

8.21  a.  m. 

H.6266 

TUlamook  Head  Lt.,  8.  74" 
E.,  29.9  miles. 

6100 

...do 

8.38  a.m. 

H.0266 

TUlamook  Head  Lt.,  S.  75" 
£.,30.8mUes. 

6100 

...do 

9.56  a.  m. 

H.ese? 

TUlamook  Head  Lt.,  8,  77" 
£.,28.8mUes. 

6100 

...do 

9.31  a.  m. 

H.6268 

TiUamook  Head  Lt.,  8.  771" 
E.,  27.7 miles. 

6100 

...do,...f 

9.47  a.  m. 

Ei.6260 

TUlamook  Head  Lt.,  8.  784" 
£.,26.8mUes. 

6100 

...do 

10.03  a.  m. 

H.6270 

TUlamook  Head  Lt.,  8.  79i° 
E..25.8mUes. 

6100 

...do 

10.19  a.  m. 

H.6271 

TUlamook  Head  Lt.,  8.  80}" 
E.,24.9mUes. 

6100 

...do 

10.35  a.  m. 

H.0272 

TUlamook  Head  Lt.,  8.  83* 
E.,26.4mUes. 

6100 

...do 

11.06  a.  m. 

H.6273 

TUlamook  Head  Lt.,  8.  84i" 
£.,27.3mUes. 

6100 

...do 

11.23  a.  m. 

H.fi274 

TUlamook  Head  Lt.,  8.  85" 
£.,28.2mfles. 

6100 

...do 

11.40  a.m. 

H.e275 

Tillamook  Head  Lt.,  8.  86" 
E.,29mi]e.s. 

6100 

...do 

11.57  a.m. 

H.e276 

TiUamook  Head  Lt.,  8 .  87^ 
£.,  27.3  miles. 

6100 

...do 

12.42  p.m. 

H.e277 

TiUamook  Head  Lt.,  8.  88* 
£., 26.3  miles. 

6100 

...do 

1.00  p.m. 

H.6278 

TiUamook  Head  Lt.,  8.  88" 
£.,  25.4  miles. 

6100 

...do 

1.16  p.m. 

H.e279 

TiUamook  Head  Lt.,  £.,  26 
miles. 

6100 

...do 

1.39  p.m. 

H.6280 

TiUamook  Head  Lt.,  N.  89" 
£.,  26.8  miles. 

6100 

...do 

1.57  p.m. 

H.e281 

TiUamook  Head  Lt.,  N.  87i" 
E.,27.7miles. 

0100 

...do 

2.13  p.m. 

H.8282 

TiUamook  Head  Lt.,  N.  86" 
E.,28.4mile8. 

6100 

...do 

2.31p.m. ; 

H.6383 

TUlamook  Head  Lt.,  N.  85" 

6100 

...do 

2.48  p.m. 

E.,29.2miles. 

fi.e884 

TUlamook  Head  Lt.,  N.  84* 
E.,27.4mlles. 

6100 

...do 

3.23  p.m. 

H.Q285 

TiUamook  Head  Lt.,  N.  83* 
£.,  26.4  miles. 

6100 

...do 

3.40  p.m. 

Depth. 


Chaiaciorof 
bottom. 


gn.M.,ftie.gy.3.. 

do 

do 

gran.3hl 

gn.M.,fne.gy.8.. 

gn.M.,CDa.gy.S... 

do 

do 

bl.M.,Sh 

bl.shl 

gn.M.,fne.gy.S... 

do 

I 
bl.M.,gran.Shl....| 

gn.M.,toe.gn.S.. 

gn.M.,fne.gy.S... 

-• i 

do 

do 

Tne.gj'.S 

gn.M.,(ne.bk.S... 

fne.  bk.  8.,  gran. 

Shi. 
gn.M.,&ie.gy.S... 

I 

do ; 


Fms, 
84 

87 

81 

81 

88 

93 

95 
101 
224 

0 

98 

81 

87 

94 
106 
119 
130 
186 
118 

110 
101 

98 

85 
108 
114 
128 

214      gn.M. 

I 
117      gn.M.,fne.bk.S.. 

111  ] do 

86i  >  gran.Shl 

108  fne.gy.S.,bl.M.. 

112  ; do 

119  gn.H.yfne.bk.S.. 

134  gn.M.,(ne.g)-.S.. 

173     do 

113  fne.gy.S 

104     fne.O 
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ImrBfinoATiONS  opf  Orbgon- Washington  Coasts,  1914  and  1915— Continued. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

1 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

1 

Remaifcs. 

56 

56 

•F. 

El.sdr.;30.1b. 

lead.' 
do 

Mtn. 

Mi. 

00 

1 

No  sample. 

Chronometers    were 
set   back  after 
soundjne  H.  6266 
was  made. 

60 

1 do ' " ■  .  . 

60 

55 

! ' do ! 

60 

1...    do 

59 

1 1 do 

; 

59'    M 

' do 

SO 

M 

53 
53 
53 

do 

3A 

....    t.           '      do 

56 

1 
.          1 do 

56 

!            do 1 

!    ...do 1 

59 

52 
52 
53 
53 
53 

54 

54 
54 
54 
54 
54 
54 

do ' ! 

59 

- 

do 1 i 

60 

1 

do 

60 

i 

do 

60 

; 

....  do 

62 

1 

....  do 

62 

! 

....  do 

63 

t 

1 
1 

do 

63 

1 

do 

63 

1 

do ' 

63 

1 

1 
do 

M 

1 

do ^ 

64 
64 
(A 

1 

do 

54 
55 
55 
55 
55 
55 
55 
55 
55 
56 
66 

1 

do 1 

Clean  lead. 

I 

do '..   .   . 

I 

do 1 

6i 

1 

do 1 

1 

64 

1 

do.               1 

i 

64 

{ 

! do 1 

1 

65 
65 
65 

. 

' do ' 

..     1 do.   .       .     '     . 

! 

' do..         ..■       .       1    ... 

|64 

. 

1 do '         .         1 

1 
1 

65 

do ■■ 1 

1    ■ 

65 

; 

!. 

1 





1 
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U.  S.  BUKEAU  OF  FISHEBIES. 
Dredoino  and  Htdboqraphic  Rbcords  Sbcured  During  Halibut 


Station 
num- 
ber. 


H.6286 
H.6287 
H.e288 
H.6289 
H.(I290 
H.6291 
H.6292 
H.62g3 
H.e294 
H.6205 

H.e2g6 

H.6297 
H.6298 
H.6299 
H.d300 
H.6301 
H.6302 
H.6303 
H.(»04 
H.6305 
H.6306 
H.6307 
H.6308 
H.6309 
H.6310 
H.6311 
H.6312 
U.63I3 
H.63U 
H.6315 
H.6316 
H.6317 
H.6318 
H.6310 
H.6320 
H.6321 
H.6322 
H.632S 


Position. 


TUlamook  Head  Lt.,  N.  82)* 

E.,  25.4  miles. 
Tillamook  Head  Lt.,  N.  82* 

E.,24.4mUes. 
Tillamook  Head  Lt.,  N.  81* 

E.,  23.4  miles. 
TlUamook  Head  Lt.,  N.  80* 

£.,  25.8  miles. 
Tillamook  Head  Lt.,  K.  80* 

E.,  26.8  miles. 
Tillamook  Head  Lt.,  N.  79}* 

E.,  28  miles. 
Tillamook  Head  Lt.,  N.  79* 

E.,  29.1  miles. 
Tillamook  Head  U.,  N.  79* 

£.,  30.3  miles. 
Tillamook  Head  Lt.,  N.  77* 

E.,  28.5  miles. 
Tillamook  Head  Lt.,  N.  76* 

E.,  27.6  miles. 
Tillamook  Head  Lt.,  N.  75* 

£.,  26.6  miles. 
Tillamook  Head  Lt.,  N.  73}* 

E.,  25.6  miles. 
Tillamook  Head  Lt.,  N.  72* 

E.,  24.7  miles. 
Tillamook  Head  Lt.,  N.  71* 

E.,  23.8  miles. 
TiUamook  Head  Lt.,  N.  69* 

E.,  22.9  miles. 
Tillamook  Head  Lt.,  N.  67* 

E.,  22  miles. 
TiUamook  Head  Lt.,  N.  68}* 

E.,  23.1  miles. 
Tillamook  Head  Lt.,  N.  68}* 

E.,  21.2  miles. 
TiUamook  Head  Lt.,  N.  68}* 

E.,25.1mUes. 
TiUamook  Head  Lt.,  N.  68}* 

E.,  26.2  miles. 
TiUamook  Head  Lt.,  N.  68* 

E.,  27.4  miles. 
TiUamook  Head  Lt.,  N.  68* 

E.,  28.4  mUes. 
TiUamook  Head  Lt.,  N.  68* 

E.,  29.4  miles. 
TUIamook  Head  Lt.,  N.  66}* 

E.,28mUes. 
TUIamook  Head  Lt.,  N.  65}* 

E.,  27.4  mUes. 
TUIamook  Head  Lt.,  N.  64}* 

E.,26.6mUes. 
TiUamook  Head  Lt.,  N.  63}* 

E.,  25.8  miles. 
TUIamook  Head  Lt.,  N.  62}* 

E.,  25.3  miles. 
TUIamook  Head Xt.,  N.  61* 

E.,24.5mUes. 
TiUamook  Head  Lt.,  N.  60* 

E.,23.8mUes. 
TiUamook  Head  Lt.,  N.  58}* 

E.,28.1mUes. 
Tillamook  Head  Lt.,  N.  58}* 

£.,  24.2  miles. 
TUIamook  Head  Lt.,  N.  58}* 

£.,  25.2  miles. 
TiUamook  Head  Lt.,  N.  58}* 

£.,26.2  miles. 
Tillamook  Head  Lt.,  N.  58}* 

£.,  27.4  miles. 
TiUamook  Head  Lt.,  N.  59* 

E.,  28.3  miles. 
TUIamook  Head  Lt.,  N.  59* 

£.,  29.6  miles. 
TiUunook  Head  Lt.,  N.  59* 

E.,30.5mUet. 


Chart. 


r.S. 
6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 

6100 


Bate. 


1913. 
Sept.  6 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

Sept.    7 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

-.do 

..do 

..do 

..do 

..do 

..do...., 

..do 

..do 


3.50  p.m. 
4.12  p.m. 

4.29  p.m. 
5.04  p.m. 
5.20  p.m. 

5.37  p.m. 
5.54  p.m. 

6.11  p.m. 
6.44  p.m. 
7.02  p.m. 

7.20  p.m. 

7.38  p.m. 
7.56  p.m. 

8.12  p.m. 
8.32  p.m. 
8.40  p.m. 
7.48  a.  m. 
8.09)1.  m. 
8.25  a.m. 
8.42  a.m. 
8.58  a.  m. 
9.15  a.  m. 
9.32  a.  m. 

10.08  a.  m. 
10.27  a.  m. 
10.44  a.  m. 
11.01  a.  m. 
11.18  a.  m. 
11.36  a.  m. 
11.52  a.  m. 

12.09  p.  m. 
12.42  p.m.  I 
12.68  p.  m.  I 

1.14  p.  m. 

1.30  p.  m. 
1.47  p.m. 
2.04  p.m. 

2.21  p.  m. 


Characterof      i 
bottom. 


Fvu. 
07 

94 

79 

97  I 
104  , 
116 
132 
165 
125 
117} 
104  I 

W} 

93 

94 

90 

89 

98 

96 
102 
118 
128 
145 
175 
130 
120 
111 
105 
108 
103 

99 

95 

99 
104 

lai 

106 
111 
117 
128 


M.IC.,fne.gn.S.. 
gran.  Shi.,  foe.  gy. 

rky;,G.,S 

fne.gy.S 

bl.M.,fne.gy.S..| 

fne.  bk.  8.,  grao. 

Shi. 
fne.bk.8.,gn.M.. 

fue.  bk.  S.,  gran. 

Shi. 
fne.gy.S.,eD.K., 

gran.ShT 
gn.  M.,fne.g]r.S.. 

fne.bk.S 

«y.M 

gn.M.,fne.gn.S.. 
gn.M.,fne.bk.S.. 

do ; 

fne.gn.S 

fne.bk.8 

gn.M 

Jtae.bk.S 

do 

gn.M.,lne.gy.S... 

Ihe.bk.S 

gn.M.,&ie.gn.S... 
gn.M.,toe.bk.S... 

do , 

do 

piM 

do 

do , 

do 

gn.M.,ftie.gy.6.  ■ 
gn.M.,tne.Rn.S... 
gn.M.,toe.gy.B..., 

toe.«y-8 

toe.bk.8 ; 

gn.M„lkie.bk.8..  ' 
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INVB8TIOATION8  OTT  OREGON- WASHINGTON  CoASTS,  1914  AND  1915 — Continued. 


ToDipMAtiirp. 

Salinity. 

Trial 

. .  ..       — 

Drift. 

1 

ii 

< 

1 

& 

Surf. 

Botm. 

Appantus. 

Depth. 

Dura- 
tion. 

Direetion. 

A 

Remarks. 

*F. 
tf 

•F, 

M 

5A 
5A 

50 
56 
56 
56 
56 
56 
56 
56 
66 
55 

*F, 

£1.8dr.;30-lb. 

lead. 
do 

Min, 

m. 

1 

1 

do 

ffi 

do i 

M 

' 

do ' 

Clean  toad« 

M 

1 

_  .  I    ^ 

63 
63 

e2 

fa 

.      1                               do. 

1 ' do 

do 

do ' 

' do 1 

1 

(a 

.do.                ' 

1                    1 

61 

.do.                  

1                    1 

61 

.                      .do.              

61      55 

.                          .do-                

Do. 

1  61       5& 

1 

.do. 

1 

An                   i 

1 

M 

53 
53 
53 
53 
53 
fi3 
S3 
54 
54 
54 
54 
54 

« 
55 

55 

55 

55 

53 

55 

M 

M 

'             1        .do.            • 

56 
£6 
57 
57 
57 
57 
61 
61 
61 
63 
63 
63 
63 
63 
63 
63 
63 
63 
64 
64 

1.      .do.       . 

'         ,do.           .      

1 

do ! 

' 

..do.                  

1 

,7 1 

.do.    .                 ...A    ...1 

.do.                  

'          .do.                   

1 

'    L           ""'     .do.          1 

1    '     1          

1 

.do.                

do.              ' 1 

do.           

do 1 ' 1 

rl i 1 1 

t i ■ ' 

rrrzlzz 

do                ' 

.     .    do ! 

1 

.  do              '      

1 
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138  U.  S.  BUREAU  OF  nSHERIES. 

Dbbdgikg  and  Hydrogbaphic  Records  Secured  DtnOKo  Haubut 


station 
nnm- 
ber. 


H.6324 
H.6325 
H.fi326 
H.fl327 
H.6328 
H.6320 
H.6330 
H.6331 
H.6332 
H.0333 
H.6334 
IT. 0335 
H.8336 
H.6337 
H.6338 
H.6339 
H.e340 
H.6341 
H.6342 
H.6343 
H.6344 
H.<S345 
H.6346 
H.6347 
H.6348 
H.6349 
H.6350 
H.6351 
H.6352 
H.0353 
H.63M 
H.6365 
H.6350 
H.6357 
H.6358 
H.6350 
H.6360 
H.6361 


Position. 


Tillamook  Head  Lt.,  K.  59* 

£.,81.5  miles. 
Tillamook  Head  Lt.,  K.  50* 

E.,  32.5  miles. 
Cape  Meares  Lt.,  S.  70*  E., 

28.3  miles. 
Cape  Heares  Lt.,  8.  60)*  E., 

27.2  miles. 
Cape  Meares  Lt.,  8.  60*  E., 

25.0  miles. 
Cape  Heares  Lt.,  8.  68*  E., 

24.5  miles. 

Cape  Heares  Lt.,  8. 67^*  E., 

a:2  miles. 
Cape  Meares  Lt.,  8. 66}*  E., 

m  miles. 
Cape  Meares  Lt.,  8. 65}*  E., 

29.7  miles. 

Cape  Meares  Lt.,  8.  60*  E., 

22:1  miles. 
Cape  Meares  Lt.,  8.  71*  E., 

22.8  miles. 

Cape  Heares  Lt.,  8.  72}*  E., 

23.6  miles. 

Cape  Meares  Lt.,  8.  74}*  E., 

24:3  miles. 
Cape  Meares  Lt.,  8.  76*  E., 

Smiles. 
Cape  Meares  Lt.,  8.  77*  E., 

&.8  miles. 
Cape  Meares  Lt.,  8.  77*  E., 

^.9  miles. 
Cape  Meares  Lt.,  8.  77*  E., 

SOTo  miles. 
Cape  Meares  Lt.,  8.  77*  E., 

Co  miles. 
Cape  Meares  Lt.,  8.  77*  £., 

-^^.OmUes, 
Jape  If 

19.9  miles. 
Meares 

r.9  miles. 
Meares! 
I  miles. 
Meares 
1  miles. 


•Cape  Meares  Lt.,  8.  77*  E., 

17.9  miles. 
CajM  Meares  Lt.,  S.  84}*  £., 

17.4  miles. 
Cape  Meares  Lt.,  S.  85*  £., 

ISA  miles. 
Cape  Meares  Lt.,  8. 85}*  £., 


6*E., 


miles. 

Cape  Meares  Lt.,  8. 

20.4  miles. 
Cape  Meares  Lt.,  8.  87*  £., 

^4  miles. 
Cape  Meares  Lt.,  8. 87}*  £., 

a:4  miles. 
Cape  Meares  Lt.,  E.,  20.3 

miles. 
Cape  Meares  Lt.,  N.  88*  E., 

19.2  miles. 
Cape  Meares  Lt.,  N.  86*  £., 

18.2  mUes. 
Cape  Meares  Lt.,  N.  84*  E., 


Cape  Meares  Lt.,  N.  82*  E., 

16.2  miles. 

Cape  Meares  Lt,  N.  79*  E., 

15.1  miles. 
Cape  Meares  Lt,  N.  77}*  E., 

16.3  miles. 

Cape  Meares  Lt.,  N.  75}*  E., 

17.3  miles. 
Cape  Heares  Lt,  N.  74*  E., 

18.3  miles. 

Cape  Meares  Lt,  N.  72}*  £., 

19.4  miles. 
Cape  Meares  Lt,  N.  68}*  £., 


'^^ 


Chart,      i    Date. 


as. 

6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 
6100 


1915. 
Sept.  7 

..do 

..do 

..do..... 

..do..... 

..do 

..do 

..do.... 

..do 

..do 

..do 

..do 

..do 

..do.... 

..do 

..do..... 

..do 

..do'.... 

..do..... 

..do 

..do...., 


Sept.  8 

..do 

..do...., 
..do..... 
..do...., 
..do..... 
..do..... 
..do...,. 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 


Time  of 
day. 


2.39  p.m. 

2.57  p.  m. 
3.35  p.  m. 

3.58  p.  m. 
4.13  p.  m. 
4.20  p.m. 
4.45  p.  m. 
5.02  p.  m. 
5.18  p.  m. 
6.00  p.  m. 
6.17  p.  m. 
6.34  p.  m. 
6.52  p.m. 
7.09  p.m. 
7.2a  p.m. 
8.04  p.in . 
8.24  p.m. 
8.42  p.  m. 
9.00  p.m. 
9.1Rp.m. 


7.28  a.m. 

7.46  a.  m. 

8.02  a.m. 

8.17a.m. 

8.34  a.m. 

8.51  a.  m. 

9.11a.m. 

9.27  a.m. 

9.43  a.  m. 
10.02  b.  m. 
10.18  a.m. 
10.36  a.m. 
11.01a.m. 
11.18  a.  m. 
11.35  a.  m. 
11.53  a.  m. 
12.29  p.  m. 


Depth. 


142 
150 
126 
112 
109 
104 
100 
90 
81 
104 
109 
115 
122 
133 
180 
126 
115 

la^ 

100 
95 
91 
102 
105 
109 
118 
133 
169 
144 
120 
111 
104 
95 
94 
95 
105 
117 
148 
116 


Character  of 
bottom. 


Kn.M.,fne.hk.8. 

gn.M.,ltte.|ty.S... 

fne.gy.S 

gn.M.,fiie.gy.S... 

....do 

smalia 

gn.M 

gn.M.,tne.Ky.S.  .^ 

gn.M.,toe.gy.R... 

....do 

fne.gn.S 

fne.gj'.S 

....do 

fne.gy.8.,pi.M. 


fne.gy.S.,gn.M. 

fne.gy.S 

.....do 
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Tpinperatare.        Salinity. 

Apparatus. 

Trial. 

DriXt. 

< 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tion. 

Direction. 

2 

c 

Remarks. 

1 

&4 
54 
54 
54 

•F. 

E1.8dr.;9(>.Ib. 

lead. 
do 

JTm. 

ML 

M 

Clean  lead. 

fa 

1 

do 

(a 

1 

do 

1 

Do. 

ft? 

54 
54 
54 
54 

i 

do 

fa 

1 

..do 

• 

fa 

1 

do 

fiO 

do 

;        ! 

'(» 

51 
54 
54 
54 
54 
55 
55 
53 
53 
53 
S3 
53 

....do 

i'"    'i 

l«, 

...do 

j        1 

Iai 

.do 

1        1  . 

Do. 

01 

do 

, 

f.l 

..do 

;6i 

do 

' 

61 

..     .     I.....0 

1 

62 

do 

1 

^62 

.do 

1 

62 

.do 

i 

no. 

62 

.do 

62 

do 

.     i         1     „„ 

No  time  entered  in 

1 
!60 

53 

1.     .        .           '         .1o '     . 

i 

yeoman's  book. 

IJ.V. 

1 

..       ..    '         ...10 

,58 

53 
53 
53 

sa 

53 
53 
53 
54 
54 
54 
54 
55 
55 
55 
56 

I 

.      .     1         ..,n 

! 

58 

1 

.     .do 

1 

• 

.>» 

1 

do 

1 

1 
58 

do. 

1 i    ' 

» 

do 

1 

59 

1 

1 

do. 

1 r        1 

59 

.do. 

1 1 1 

fO 

..  .do.  . 

1          !                1 

Clean  lead. 

60 

.     .do.  .  . 

1          1 

an 

-do 

!      1 

im 

'do 

1 

1 

Do. 

6R 

' do 

1 

1 

fS 

' do 

1 

1 

Da 

f3 

.     '          do. 

1      '          1 

165 

.    .do. 

■■■■     !  _.J     1 

1 

1 

1 

1 
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station 
ber. 


H.63B2 
H.6363 
H.6364 
H.6365 
H.6366 
H.6367 
H.0368 
H.0369 
H.6370 
U.6371 
H.6372 
11.6373 
H.0374 
H.6375 
H.6376 
U.6377 
H.6378 
H.6379 
H.6380 
H.6381 
H.0382 
H.6383 
U.6384 
H.6385 
H.6386 
H.6387 
H.6388 
H.0389 
H.6390 
U.6391 
11.6392 
H.6393 
U.6394 
U.6395 
H.6396 
U.6397 
H.6398 
H.6399 


XJ.   S.   BUREAU   OF   FISHERIES. 
Dredging  and  Hydbographic  Records  Secured  During  Halibut 


Position. 


CapeMeare8Lt.,N. 

17.3  miles. 
Cape  Heares  Lt.,  N 

16.5  miles. 
CapeMearesLt.,N, 

15.9  miles. 
Cape  Meares  Lt.,  N. 

16.3  miles. 
Cape  Heares  Lt.,  N. 

14.7  miles. 
Hay  Stack  Bk.,  S. 

15.1  miles. 
Hay  Stack  Rk.,  S. 

15.8  miles. 
Hay  Stack  Rk.,  S. 

16.4  miles. 
Hay  Stack  Rk.,  S. 

17.1  miles. 
Uay  Stack  Rk.,  S. 

18  miles. 
Hay  Stack  Rk.,  S. 

15.9  miles. 
Hay  Stack  Rk.,  S. 

14.9  miles. 
Hay  Stack  Rk.,  S. 

13.9  miles. 
Hay  Stack  Rk.,  S. 

13  miles. 
Hay  Stack  Rk.,  S. 

12  miles. 
Hay  Stack  Rk.,  S. 

13.8  miles. 
Hay  Stack  Rk.,  S. 

14.7  miles. 
Hay  Stack  Rk.,  S. 

15.6  miles. 
Hay  Stack Rk.,N. 

13.9  miles. 
Hay  Stack  Rk.,N. 

13.1  miles. 
Hay  Stack  Rk.,N. 

12.4  miles. 
Hay  Stack  Rk.,  N. 

11.5  miles. 
Hay  Stack  Rk.,N. 

13.6  miles. 
Hay  Stack  Rk.,N. 

14.6  miles. 
Hay  Stack  Rk.,K. 

15.5  miles. 
Hay  Stack  Rk.,  N. 

14.6  miles. 
Hay  Stack  Rk.,  N. 

14.1  miles. 
Hay  Stack  Rk.,N. 

13.7  miles. 
Hay  Stack  Rk.,  N. 

13.3  miles. 
Hay  Stack  Rk.,  N. 

10.2  miles. 
Hay  Stack  Rk.,  N. 

16.3  miles. 
Hay  Stack  Rk.,  N, 

17.4  miles. 
Hay  Stack  Rk. 

18.4  miles. 
Uay  Stack  Rk. 

18.6  miles. 
Hay  Stack  Rk. 

18.9  miles. 
Hay  Stack  Rk. 

19.2  miles. 
Hay  Stack  Rk.,  N 

19.5  miles. 
Yaquina  Lt.,  S.  33* 

miles. 


k.,N. 


X. 
k.,N. 


664- E., 
.  64»  E., 
614»  E., 
69*  E., 
56J*E., 
64"  E., 
68*  E., 
71  •  E., 
73-  E., 
76-  E., 
77"  E., 
78'  E., 
79*  E., 
80*  E., 
81*  E., 
86i-E., 
87i«  E., 
89'  E., 
86^  E., 
834*  E., 
80r  K., 
764'  K., 
734"  E., 
724*  E., 
714'E., 
.  65»  E., 
.  6r  E., 
574-  E., 
54"  E., 
544°  E., 
541'  E., 
.  65*  E., 
554'  E.. 
,  49'  E., 
46°  E.. 
43"  E.. 
40"  E., 
E.,19.6 


6100 
6100 
6100 
6100 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6U00 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 


i...do.... 

I 

...do.... 
L.do.... 

...do.... 

I 

...do.... 

I 

!...do.... 

i-- 

[...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 
...do.... 

L.do.... 

I 

...do.... 

I 

...do.... 

...do.... 

...do.... 
I 
...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

Sopt.    M 

...do.... 

...do.... 

...do.... 


12.44  p.  m. 
1.00  p.  m. 
1.15  p.  m. 
1.30  p.  m. 
1.40  p.m. 
2.13  p.  m. 
2.30  p.  m. 

2.48  p.m. 
3.06  p.  m. 
3.25  p.  m. 
3.56  p.  m. 
4.13  p.  m. 
4.28  p.m. 
4.43  p.m. 
4.58  p.  m. 
5.34  p.  m. 

5.49  p.m. 
6.06  p.m. 
6.39  p.  m. 
6.54  p.  m. 
7.08  p.  m. 
7.23  p.  m. 
7.56  p.m. 
8.15  p.  m. 
8.32  p.  m. 
9.04  p.m. 
9.20  p.  m. 
9.36  p.  m. 
9.51  p.  m. 

10.24  p.m. 
10.41  p.m. 

10.58  p.  m. 

11.15  p.m. 

11.59  p.m. 

12.16  a.  m. 
12.31  a.  m. 
12.47  a.  m. 

1.20  a.  m. 


100 
99 
99 

97 
105 
109 
133 
175 
206 
.147 
122 
106 

99 

96 
115 
134 
200 
120 
110 
100 

95 
115 
135 
175 
125 
111 
102 

do 
109 
120 
135 
145 
120 
111 
101 

92 

lot 


fn«.f(y.  8.,gn.M.., 

do 

do 

do 

do 

do 

do 

gn.M 

tne.gy.  S.,gn.M.., 

gn.H.,fne.bk.S...| 

gn.S 

fne.gy.S 

fne.gy.S.,gn.M... 

^- , 

I 

gn.lL,toe.gy.S..J 

gn.M 

fne.gy.a,gn.M...' 

'ne.gy-S I 

fne.gy.S.,  gn.M... 
do 


fne.gy.S 

tne.gy.S.,gn.M. 

fne.bk.S 

fnc.gy.S.,gn.M. 

do 

do 

do 

do 


gn.M.,fne.gy.8.. 

....do: 

....do 

fne.bk.S 

fne.gy.B.,gn.li.. 
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Tprnpentnre. 

SaUnJty. 

Apparatus. 

Trial. 

Drift. 

< 

1 

a 

1 

Surf. 

Botm. 

Depth. 

Dura- 
tkm. 

Direction. 

1 

Ucmarks. 

• 

65 

65 

m 

•F. 
56 

56 

:a 

56 
5C 
Vt 

•f. 

El.sdr.;80-lb. 

i  ^fm. 

Mi. 

, 

"^0. 

1 

do 1 ' 

m 

'   .,..do ' 

• 

% 

' Co • 

Clean  lead. 

66 

....do !                   1 

06      56 

L    .  L  ..do 

1                    1 

1                    I 

60 

56 
36 
56 
56 
56 
56 
56 
55 
55 
55 
54 
54 
54 

do 

66 

do 

65 

do 

65 

■ 

do 

1 

65 

do 

65 

' do 

1 

65 

i do 

1 

65 

do 

1 

65 

.do 

i 

Do. 

,65 

' do 

1 

l« 

do 

1 ' 

64 

' .„ 

1 
1 

6« 

do.  .        ..' 

GO 

54 

1 do 1 

60      54 

1.  ...do    !- 

|60      54 

' 

!  ...do 

Do. 

!58 

53 
53 

do 

Do. 

1 
,58 

do 

I58      53 

1            do 

57      53 

1 '  .  .„ 

'57,    53 

.    ■      1 

do          .  . 

57  1    53 

1      i 

do  . 

57      53 

1 

do 

1                    1 

57      53 

! 

do 

1 

57,    53 

1 

do 

"■ 

5di    S3 

1 

An 

1 

Do. 

50 

!a 

1 
do         ...1 

1 

50 

53 
53 
53 
58 

do      .     .. 

1 

jSB 

t 

do 

... 

50 

, 

do •... 

1 

58 

1 

1 do... 

1 
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Dredoino  and  Htdrooraphic  Records  Secured  During  Haubu^t 


Biation 
num- 
ber 


U.6400 
H.6401 
11.6403 

1I.644M 
U.6405 
H.6406 
H.6407 
H.6408 


riMitiou. 


Yaquina  Lt.,  S.  36*  £.,  20 

mir 


(lies, 
luina 
liles. 


Yaquina  Lt. ,  8. 38}*  £. ,  20.2 

miles. 
Yaquina  Lt.,  S.  41*  E..  20.5 

nules. 
Yaquina  Lt.,  R.  43)*  E.,  21 

miles. 
Yaquina  Lt.,  S.  45*  E.,  20.1 

nules. 
Yaquina  Lt.,  S.  40*  E.,  19.1 

miles. 
Yaquina  Lt.,  8. 47J'  E.,  IH.i 

nules. 
Yaquina  Lt.,  S.  49*  E.,  17.1 

nules. 
Yaauina  Lt. ,  S.  50}*  E. ,  16.2 


Cliart. 


C.S. 


6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 
6000 


Date. 


1015. 
Sept.  0. 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do.... 

...do 


Time  of 
day. 


1.36  a.  m. 
1.53  a.  m. 
2.10  a.  m. 
2.26  a.  m. 
2.4S  a.  m. 
3.04  a.  m. 
3.19  a.m. 
3.34  a.  m. 
3.49  a.  m. 


I 


Depth. 


Fm9. 
112 

122 

135 

ISO 

133 

115 

101 

92 


<  'hanict«r  of 
iMttom. 


Ine.  gy.  S.,  gn.  M. 

fne.gy.S... 

fiae.gy.S.,pi.M.. 

do 

....do 

do 

fne.gy.S... 

....do 

fne.gy.S.,ga.M... 


I 


Dredoino  and  Hydrooraphic  Records  Secured  During  Atlantic  Cruiseh, 


station 
num- 
ber. 


C20001 


C20002 


C20003 


C20004 


Bearings. 


Chart 


Date. 


Latitude  N.,  Longitude  W. 

Cape  Henry  outer  buoy 

36  40  00       75  36  00 


36  47  00       75  06  00 


36  45  00       74  41  30 


36  41  00       74  34  30 


C.S. 


1919. 
Oct.   30 
1001  '...do 


1001    ...do.. 


1001 


1001 


Oct.   31 


...do I    3.00a. m 

to 
n.oo  a.  m 


a  Surface  temperatures  taken  while  the  Albatross  was  under  way  during  the  Atlantic  cruisee  are  girm 
in  the  table  on  page  174. 


Digitized  by 


Google 


DRBDOING  AND  HYDROGRAPHIC   RECORDS.  143 

iNYBsnGATiONs  OFF  Orboon-Washinoton  C0A8T8,  1914  AND  1915 — Ck>iitinued . 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

Remarks. 

< 

50 

a 
1 

Surf. 

Botin. 

Depth. 

Dura- 
tion. 

Direction. 

1 

58 
58 
S8 
58 

58 

.a 

58 
58 
S8 

53 
53 
53 
53 
53 
53 
53 

•/' 

E].8dr.;3Q-Ib. 

lead. 
do 

Min.  { 

m. 

1 

1 

do 

1 

do 



1 

1 

! ao 

1 

1 do 

1 

1 .0 

j3 

53 

do 

, 

'     ..dn 

1 

1 

South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

Water. 

1 

>* 

1 

1 
1 

A 

Q 

Remarks. 

is 

< 

£ 

d 

•c. 

M. 

•c. 

jr. 

0 
0 
7 

14 

0 
15 
30 

0 
10 
30 
60 
90 

0 
10 
50 
100 
150 
200 
300 

25.51 
3L07 
31.08 
31.00 

31.92 
3L98 
32.50 

33.62 
33.67 
33.78 
33.10 
34.02 

33.60 
33.65 
33.12 
34.25 
85.89 
35.35 
35.07 

Jf. 

Min. 

Mi. 

21.11 

0 
6 
14 

0 
15 
30 

0 
10 
30 
flO 
90 

0 

10 

50 

100 

150 

200 

aoo 

19L40 
19.63 
19.58 

20.80 
17.21 
10.23 

12.80 
17.82 
1ft.  53 
9.96 

laos 

17.80 
17.87 
ia89 
1L26 
11.99 
U.15 
7.63 

Hve.  In.:  snap. 

Id.;  GB  bot; 

NZ;  R;  Tyoos. 
botm.net 

mtr.  net 

botm.-0 
5-0 

0 

(?) 

30 

30 

20 
15 

Cable  out  (botm. 

19L44 

net)  100  meterF, 

angle  60'. 
Cable  (mtr.  net) 

out  <d  meters., 

angle  60'. 
#10  out  5  min. 
Cable     (3y    shr. 

#10,«20 

Ss'sfiTtrl 

Hve.  In.:  snap. 

Idj  OB  bot; 

NZ;  R;  Tyooe. 
vert,  net 

trl.)     out     306 
meters;  did  not 
reach  bottom. 

1             i 
30-0      .      -        1 

botm.net 

WO,^ 

3(M). . . . 
0 

30 
25 

19.44 

£1.  sdr.:   snap. 
Idj  Ofe  bof.; 
NZ;  R;  Tycos. 

vert.net 

El.  sdr.  dial  read 

1 
90-0    .. 

40  fms.,  but  bot- 
tles  were   sent 
down  to  90  me- 
ters. 

botm.  net 

#10,  #20. . 

75-0. . . . 
0 

30 
20 

Cable  (botm.  net) 

out  100  meters. 

19  44 

El.   sdr.:   snap. 

Id  J  GB  bot.; 

NZ;  R;  Tycos. 
vert.   net.   and 

m.  b. 

botm.net 

#10,  f» 

1 
200-0...  

200-0... 
0 

30 
30 

1 

1 

1 

! 
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station 
num- 
ber. 

Chart. 

Date. 

Time  of 
day. 

7.30  a.m. 

to 
5.30  p.  m. 

10.15  a.  m. 

to 
11.10  a.m. 

1.00  p.m. 

to 
3.00  p.m. 

7.35  p.m. 

to 
10.50  p.m. 

Depth. 

Character  of 
bottom. 

C20005 

C2000G 

LatUude  N,,L(mgUude  W. 
From  36  35  30       74  23  30 
To       38  31  00       74  38  00 

and 
From  38  37  30       74  31  30 
To       36  35  30       74  33  30 

S5  04  00        75  IS  00 

as. 

1001 

1001 
1001 

1001 

1919. 
Oct.   81 

Nov.    1 
...do 

...do 

Nov.    ? 
Nov.    9 

fin 

Jfcfort. 

3,029 

86 
223 

1,890 

: 

0 
17 

18 

85 

«n.8.,M 

8.,Sh 

1 

P.,S.,8h 

20008 

From  34  54  30       75  07  00 
To       34  59  00       75  02  00 

Cape  Canaveral  Anchorage . . 

St."  John's   Bay,    "Brown 

water." 
St.    John's    Bay,    "Brown 

water"  (outside). 
Mayport,  Fla 



i 
..  do. 

I 

2UU09 

From  29  55  30       81  10  00 

27  34  00        «0  10  00 

From  27  34  00       79  55  30 
To       27  37  00       79  56  30 

1007         fin 

5.25  p.  m. 

to 
5.40  p.m. 
1.38  p.m. 

to 
1.55  p.m. 
3.30  p.  m. 

to 
4.20  p.m. 

s..  sh ' 

2IMI10 
t'200U 

1007 
1007 

Nov.  10 
...do 

do 

do 
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TsmiKfBturo. 

Salinity. 

Apparatus. 

Trial. 

DrUt. 

Water. 

1 

f 

i 

Q 

Q 

1 

Remarks. 

< 

1 

Q. 

•c. 

Jf. 

•c. 

M. 

M. 

Min, 

\Mi. 

2L87 

0 
50 

19L40 
14.75 

0 
50 

34.20 
34.13 

Luo.  sdr.;  Slg». 
rod;  GB  bot.; 

8.38  W... 
8.38W 

6.0 
2.5 

7.30  a.  m.  to  noon, 
1  to  5.30  p.  m.; 

100 

13.08 

100 

35u58 

NZ;    R;    SV; 

drift.   Ve^stirf 

aoo 

iai8 

200 

34.00 

Tycos. 

northwest  wind. 

400 

5.79 

400 

34.97 

At  noon  ran  to 

, 

ooo 

4.55 

600 

34.90 

northwestward 

1,000 

3.94 

1,000 

34.95 

of  beginning  po- 

1,400 

8.46 

1,400 

34.96 

siUon   to   diilt 

1,800 

3. 87 

1,800 

84.91 

1 

down  to  it. 

24.40 
2126 

0 
15 

34.28 
34.74 

vert.net 

400-0... 
200-0... 
10(M)... 
0 

9 

30 
30 
25 

' 

1 

0 
15 

botm.net 

mtr.net 

1 

El-'sS-rNZ;  rV 

25.  o6 

1 

1 

30 

24.72 

30 

35.33 

botm.net 

25-0.... 

30 

1 

Cable  (botm.  net) 

out  40  meters. 

0 
SO 

27.80 
27.50 

0 
50 

86.03 
3&98 

«o,  po. . 

0 

25 

27.0 

El.  sdr.;   snap. 
Id.:  OB  bot.; 

Temp,  at  50  me- 

ters may  have 

100 

26.85 

100 

S&90 

NZ;  R;  Tycos. 

been  0.5'hl«her; 
1     almost  too  high 

.    IfiO 

24.85 

150 

36.02 

!    20O 

16.16 

200 

35.95 

mtr.  net 

200-0. 

for  therm. 
Mtr.  net  used  for 

botm.net 

19(M)... 

25 

Cable  (botm.  net) 

out  220  meters. 

26.70 
36.45 

m^ 

0 

25 

21111          0 

Luc.  sdr.;  Slgs. 
rod.;  OB  bot.; 

N.45E... 

6.2 

Raniple  for  mlin- 

50 

50 

35.06 

ity  at  0  meters 

100 

25.58 

100 

36.02 

NZ;    R;    SV; 

lost.    During 
soundings,  with 

1             ISO 

26.38 

150 

36.13 

Tycos. 

200 

l&OB 

200 

35.99 

1,060  Cms.  wire 

400 

23.86 

400 

35.97 

out,  wire  parted, 
and   carried 

1    000 

23.04 

600 

85.62 

;  no 

16.44 

800 

3&47 

away  with  Sigs. 
rod.    Sea  so 

1,000 

12.  SO 

1,000 

35.10 

11.76 

choppy  that 
bottles  were 

8L85 

j 

&61 

sent  down  to 

only  1,000  me- 

ters; no  nets 
used.     Wire 

with  bottles  at 

400. 600, 800,  and 
1,000  meters  at 

angle  40^ 

0 
0 

0 

0 
0 
14 

35.32 
34.51 

34.53 

34.27 
35u26 
35.26 

0 

41.67 

Ebb  tide. 

Do. 

I 

Do. 

a.2 

6 

14 



26.30 
24.50 

Hvg.  In.:  snap. 
Id.;  OB  bot.; 

'   '  *  1 

R;SV;  Tycos. 

2S.5 

0 
16 

25.30 
24.81 

0 
16 

35.98 
35.96 

Hve.  In^  snap. 
Id.;  OB  bot.; 

1 

R.;  SV;  Tycos. 

2b.  n 

0 
14 

26.90 
26.17 

0 
14 

35.99 
35.95 

EI.  sdr.;   snap. 
Id.;   OB   bot.; 

N,  21  W... 

4        Wire  with  bottles, 

angle  15** 

34 

26.17 

34 

35.95 

NZ;    R.;   SV; 

54 

2&91 

54 

35.95 

Tycos. 
vert.  net. . . 

1 

74 

25.07 

74 

35.97 

45-1) 

m.  b 

botm... 

::::::::::;::::::::i:::::i 

8572**— 21- 


-10 
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station 
nmn- 
ber. 

Bearings. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

Ctaaiacterol 
bottom. 

caooi3 

Lamude  N.,  LongWude  W. 
From  27  34  00       79  84  00 
To       37  41  30       79  86  00 

St.  John's  River,  halfway 
between  Halifax  and  the 

Fram  27  34  00       79  10  00 
To       27  37  30       79  11  00 

as. 

1007 

V 

1919. 
Nov.  10 

Nov.  11 
...do 

7.00  p.m. 

to 
9.00  p.  m. 

MOen. 
433 

0 

(?) 

g>'.M.,F 

20013 

1007 

12.23  a.  m. 

to 
1.55  a.m. 

8.,Sh 

2U014 

From  25  34  30       80  04  00 

1007 

...do 

7.18  p.m. 

to 
7.40  p.m. 

100 

do 

020015 

From  35  34  00       79  57  30 
To       25  36  00       79  57  30 

1007 

...do 

8.05  p.m. 

to 
9.55  p.m. 

322 

«y.M.,s 

c^ooie 

From  35  34  00       79  45  30 
To       25  40  30       79  45  30 

1007 

Nov.  13 

13.13  a.m. 

to 
3.51  a.  m. 

833 

gy.M 

€30017 

From  36  33  30       79  37  30 
To       25  37  00        79  37  30 

1007 

...do 

6.18  a.m. 

to 
7.46  a.  m. 

877 

C3o..ft.,Bh 

C20018 

24  35  00        81  55  00 

1007 

Nov.  15 

6.18  p.m. 

to 
7.53  p.m. 

117 

S.,0h 
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Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift, 

Water. 

1 

^ 

t 

1 

§ 
1 

Q 

Remarks. 

i 

1 

•r.  1  M. 

i&.ll         0 
50 
100 
150 
20O 
.    250 

•c. 

27.75 
27.24 
24.32 
20L62 
17.73 
16.20 
15.20 
1L74 
8.60 

Jf. 

0 
50 
100 
150 
20O 

35.  »4 
35.85 
36.11 
36.36 
36.26 

Luc.  sdrj  Sigs. 

rod;  QB  bot.; 

NZ;    R.;    SV; 

Tycos. 
vert,  net 

M. 

Min. 

N.  UJ  W- 

Mi. 

7.5 

Wire  with  bottles, 

250-0... 

angle  25^ 

On    heaving    in 
vert.  net.  a  sud- 

300 
350 
400 

300 
350 
400 

0 

0 

20 

60 

100 

150 

200 

250 

300 

350 

0 

35.99 
35.46 
35.06 

30.72 

36.00 
35.95 
3&98 
36.24 
3ft.  67 
3ft.  63 
3ft.  41 
3&24 
3ft.  13 

den  I  urdh  of  tbo 
ship   sharply 
jerked  the  n&l 
causing  the  bri- 
dle to  part  at 
the    thimble: 
net.    ring,   and 
sinker  were  lost. 
High  water. 

Recorded     depth 
(418  fms.)  is  in- 
COTrect.      Wire 
tended     far 
astern    and 
depth  shown  on 
chart  is  200  to 
300  fms. 

2S.0 
24.  *4 

0 

20 

00 

lOO 

150 

200 

250 

300 

350 

0 

27.75 
27.36 
27.37 
26i44 
27.24 
19.79 
17.78 
17.11 
16.19 
26l90 
20.85 
26u43 
24.59 
!26l70 
26.32 
22.51 
1ft.  33 

iai8 

9.0 
&97 
&08 
27.75 
27.26 
25.87 
21.06 
17.88 
14.66 
11.50 
e.99 
6.88 

28.10 
27.24 
27.00 
23.25 
20.33 
17.33 
14.52 
9.28 
6.03 

26.90 
26.26 
25.95 
20.95 
19.26 

Luc.  sdr.;  Sip.s. 
rod;  OB  bot.; 
NZ;    R.;    SV; 
Tycos. 

El.   sdr.;   snap. 

Id.;  OB  bot.; 

NZ;    R.;   SV; 

Tycos. 
Luc.  sdrj  Sigs. 

rod;  GB  bot.; 

NZ;    R.;   SV; 

Tycos. 
vert,  net 

N.  16J  W.. 

30 
flO 
90 

30  35.90 
60  35.95 

1 

1 

24.44          0 

50 

100 

.    150 

200 

0  35.90 
50  35.90 
100  '36.24 
150  55.95 
200  ;35.28 
250  35.10 

' N 

240-0-..; 

botm.-O        30 
0 25  1 

• 

250 

botm.net 

#10,^ 

j 

'    300 

Luc.  sdr:  Sigs. 

rod;  OB  bot.; 

NZ;    R;    SV; 

Tycos. 
vert,  net 

1             1 

23.33 

0 
50 
100 
150 
200 
300 
400 
600 
800 

0 
50 
100 
150 
105 
300 
400 
600 

mo 

0 
30 
60 
00 

inn 

0 
60 
100 
160 
200 
300 
400 
600 
800 

0 

150 
195 
300 
400 
600 
800 

0 
30 
60 
90 
100 

35.88 
35.84 
36.33 
36.64 
36.39 
36.00 
35.43 
34.87 
34.86 

36.04 

lelost 

30.11 

36.63 

3ft.  ft4 

36.32 

35.84 

35.05 

34.85 

35.99 
35.95 
35.95 
3«.27 
3ft.  2ft 

SOO-0 

550-0 

17W) 

0 

i^- 

1 

fi.r, 

Vert,  net  fouled 

botm.net 

mtr.  net 

30 

In  bridle. 
Cabla  out  (botm. 

net)  700  meters. 
Cable  out   (mtr. 

net)  200  meters. 

30 
25 

*10,^ 

25.0 

Luc.  sdr.:  Sigs. 

rod;  GBbot.; 

NZ;    R;    SV; 

Tycos. 

vert,  net 

botm.net 

mtr.net 

N 

3.3 

80(M) 
700-0 

200-0 

0 

30 
30 
25 



Cable  out  (botm. 

net)  800  meters. 
Cable  out   (mtr. 

net)  800  meters. 

1 

^10,^ 

28.5 

£1.  sdr.;  snap  id.: 

OB  botj  NZ; 

R;SV;  Tycos. 

vert.net 

100-0 
lOO-O 

0 

an 

1 

botm.net 

#10,820 

Cable  out  (botm. 
net)  120  meters. 

■          i 

25 
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station 

Bearings. 

I 

1      Chart. 

Date.        'rg;°' 

Depth. 

1 

1 

Charaeterof 
bottom. 

caooi9 

From  24  10  30       S  GO  00 
To       24  07  30       81  58  00 

as. 

1007 

1919. 
Nov.  15-     9.42  p.m. 
16                 to 

12.53  a.  m. 

1 

Ueien, 
656 

nr.M 

020020 

From  23  58  30       81  59  00 
To       23  56  30       81  57  00 

1007 

Nov.  16 

2.00  a.m. 

to 
5.08  a.  m. 

996 

do 

C20Q21 

From  23  42  30       82  09  30 
To       23  38  00       82  08  00 

1007 

Nov.  16 

7.06  a.m. 

to 
10.27  a.  m. 

1,645 

1 
Ry.M.,pter.O«.. 

20082 

From  23  30  00       82  14  00 
To  •   23  28  00       82  12  30 

1007 

...do 

11.45  a.  m. 

to 
1.49  p.m. 

1,681 

do 

G20023 

From  23  14  00       82  14  00 
To      23  13  30       82  27  00 

10C7 

Nov.  21 

9.35  a.m. 

to 
1.41p.m. 

1,«70 

gy.M 1 

CaOQ24 

From  21  50  00       8.5  08  00 
To       21  52  00       85  09  30 

1007 

Nov.  22 

1 

i 

1 

1 

1.06  p.m. ' 

to         1 

6.10  p.m.  1 

1,664 

! 

co.8..» 
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South  prou  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


Tempentnre. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

Water. 

Depth. 
Salinity. 

1 

1 

1 

Q 

Remarks. 

1 

1 

24.44 
25.0 
25.0 

27.0 
26.67 

36.11 

M. 
0 
50 
100 
150 
200 
800 
400 
500 
600 

0 
50 
100 
200 
800 
400 
500 
TOO 
960 

0 
50 
100 

aoo 

800 

400 

600 

800 

1,000 

1,800 

11600 

0 

50 

100 

200 

300 

400 

600 

800 

1,000 

1800 

1,600 

0 

50 

160 

200 

800 

400 

600 

900 

1,200 

0 

50 

100 

200 

800 

400 

600 

80O 

1,000 

1,800 

i;600 

•c. 

26.70 
25.88 
20.45 
16.63 
13.86 
11.01 
10.88 
8.88 
7.56 

27.50 
27.30 
22.96 
14.98 
11.16 
9.76 
9.06 
6.94 
5.69 

28.10 
27.53 
26.  M 
18.88 
15.11 
11.10 
8.19 
6.89 

5.n 

5.80 
4.27 

28.60 
27.43 
26.46 
20.32 
16.13 
12.48 
8.42 
6.27 
5.46 
4.83 
4.25 
27.75 
27.12 
26.70 
23.59 
18.94 
17.10 
11.67 
6.74 
6.07 

27.60 
27.28 
27.28 
21.07 
17.  TO 
15.61 
10.92 
7.77 
4.82 
4.20 
4.11 

M. 

0  35.90 
50  85.90 
100  86.29 
150  86.13 
200  85.70 
300  85.84 
400  85.21 
600  35.03 
600  34.88 
1 

Luc.  Bdr.:  SIgs. 

rod;  OB  bS.; 

NZ;    R;    SV; 

Tycos. 
vert,  net 

M. 

Min. 

S.20E.... 

Mi. 
81 

600-O 
600-0 

200-0 

0 

botm.net 

mtr.  net    

60 
40 
25 

Cable  out  (botm. 

net)  600  meters. 
Cable   out   (mtr. 

Luc.  sdr.V'siip*.' 
rod;  OB  bot.; 
NZ;    R:    SV; 
Tycos. 

botm.net 

mtr,  fiftt 

•     net)  200  meters. 

Wire  with  bottles 
at  400,  500,  700, 
and  960  meters 
at  angle  20^ 

Cable  out  (botnu 
net)   1,000  me- 
ters. 

Cable   out    (mtr. 
net)  300  meters. 

Temp,  at  50  m. 
probably      not 
more   than  0.2 
higher;    top    of 
mercury   could 
not  be  seen. 

0 
50 
100 
200 
300 
400 
500 
700 
950 

0 
50 
100 
200 
800 
400 

85.84 
85.87 
36.26 
36.27 
35.89 
35.38 
35.04 
34.87 
34.84 

36.04 
86.04 
91^72 
86.51 
35.96 
35.84 

8.46E.... 

2.5 

900-0 

200-0 

0 

60 

60 
60 

*10,#20 

Liio.  8dr.;  Sigs. 
rod;  OB  bot.; 
NZ;    R;    SV; 
Tycos. 

vert,  net-  .  . 

S.19^E... 

5 

500-0 
400-0 

200-0 

0 
0 

800 
1,000 
1,800 
1,600 

0 

50 

100 

200 

800 

400 

600 

800 

1,000 

1300 

1,600 

0 

50 

100 

200 

300 

400 

600 

900 

1,200 

0 
50 
100 
200 
800 
400 
600 

84.96 
34.85 
34.87 
34.96 

86.06 
86.11 
86.20 
36.62 
36.12 
35.54 
35.08 
34.87 
34.87 
34.94 

36-S 
36.08 
36.16 
36.60 
36.42 
36.29 
35.48 
34.96 
86.33 

86.08 
86.04 
86.02 
36.73 
36.39 
86.06 
85.31 

botm.net 

mtr.  net.. 

80 
30 

25 

20 

Cable  out  (lx>tm. 

net)  600  meters. 
Cable   out    (mtr. 

#20 

net)  300  meters. 

iio.::::::::::::: 

Luc.  adr.;  Sigs. 
rod;  GB  bot.; 
NZ;    R;    SV; 
Tycos. 

Luc.  Bdr.:  Sigs. 

rod;  GB  bot.; 

NZ;    R;    SV: 

Tycos. 
vert.net...  . 

S.87JE... 
S.88W... 

2.5 
1? 

Temp,  reading  at 

50  meters  prob- 
ably      correct; 
graduation     of 
therm,  runs  to 
27.4:    the    0.03 
was  estimated. 

Wire  with  bottles 

60O-O 
1,100-0 

0 

at  400,600,  900. 
andl,»)Om.,had 
angle  40»-45«. 

Cable  (botm.  and 

botm.  net;  mtr. 
net. 

luc.%}'aiii"," 

rod;  GB  bot.; 
NZ;    R;    SV; 
Tycos. 

9'Tnr.;m.li  ... 

30 

1 

30 

mtr.    net)    out 
1,300  meters. 

mir.  net  at  in- 
termediate 
depth  slid  down 
wire   to   botm. 
net. 

N.32W... 

2.6 

Wire  with  bottles 

Itotm. 

at    800,     1.000. 
1,300,  and  1,600 
meters  had  an- 

CaWeout(9'Tnr. 
m.  b.)  2,743  me- 
ters* fouled    20 

1 

1,000 
1,300 
1,600 

34.95 
34.92 
34.94 

mtr.  above  bri- 
dle, causing  de- 
lay of  15  mln.  in 
hauling.  When 
net  was  brought 
In  the  m.    b. 
was  foimd  in  it. 
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station 
nam- 
ber. 


C20025 


C20026 


Ca0027 


C20028 


C2()029 


Bearings. 


LatUude  N.,  LongUude  W, 
From  21  44  80  85  39  00 
To       21  47  30       85  44  00 


From  ?1  31  00 
To       21  41  00 


86  08  30 
86  10  00 


From  21  35  30   86  35  00 
To   21  42  30   89  37  00 


From  23  47  30   84  23  00 
To   23  43  00   84  16  00 


From  24  24  00   83  18  00 
To   24  22  00   83  16  00 
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TemjMntiire. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

Water. 

g 

g 

t 

Remarks. 

ii 

1 

t 

i 

1 

% 

1 

1 

^ 

H 

Q 

a 

s 

ft 

Q 

Q 

•r. 

M. 

•c. 

M. 

Mtn. 

Jflfi. 

Mi. 

20.11 

0 
50 

2&10 
27.43 

0 
50 

36.04 
36.07 

Luc.  sdr.:  SigB. 
rod;  OB  bot.; 

N.56W... 

6 

On  beginning  to 
sound  wire  part- 

100 

37.89 

100 

30.07 

NZ;    R;    SV; 

ed  at  old  splice. 

aoo 

2a  58 

200 

30.65 

Tycoa. 

carrying  away 
Sigs.  rod.     No 

300 

18.00 

300 

30.40 

400 

15.51 

400 

30.00 

^ 

further  attemnt 
was    made    to 

800 

10.21 

600 

35.25 

800 

7.12 

80O 

34.86 

sound,   since 

1,000 

5.33 

1,000 

34.88 

deep  water  was 
indicated      on 

1,300 

4.32 

1,300 

34.93 

1,600 

4.15 

1,600 

35.08 

chart.    Wire 

with  bottles  at 

800, 1,000, 1,300, 
and  1,600  meters 

had  angle  15». 

vert,  net 

500-0... 

1             1 

mtr.  net 

1,6000. 
0 

""36* 
30 

#10,  po 

Bridle  of  «20  part- 
ed, net  carried 

1 

24.44          0 

28^10 

0 

30.01 

I>iir   sdr.;  SUs. 

N.7JW... 

10.5 

away. 
While  heaving  in 

50 

37.33 

50 

85.90 

rod;  OB  bot.; 

soimding   wire. 

100 

3&18 

100 

36.47 

NZ;    R;    SV; 

wlth201tai8.out. 
a    sea    carried 

20O 

1&80 

200 

30.48 

Tyco5. 

300 

17.30 

300 

30.26 

wire  into  pro- 
peller, and  Sigs. 

400 

15.07 

400 

35.97 

600 

11.53 

600 

35.40 

rod    was    lost. 

800 

7.08 

800 

34.82 

Wire  with  bot- 

1,000 

0.09 

1,000 

34.83 

tles  at  800. 1,000. 
1,300,  and  1,600 

1,300 

4.47 

1,300 

34.97 

1.600 

4.23 

1,000 

34.95 

meters  had  an- 

1"        1 

gle  20\  Stray  of 

the   wire  indi- 

cated current 

was  at  depth  of 

300  meters. 

vert.net 

500-0... 

botm.  net 

botm.-O 

'     *3U' 

" 

Cable  out  (botm. 

1 

net)   1,400  me- 

1 

ters. 

mtr.net 

200-0... 

30 

Cable   out   (mtr. 

net)    400    me- 

ters. 

n.5 

0 
15 

27.75 
37.10 

0 
15 

35.97 
35.98 

|l0,i|30 

0 

4.'> 

£l.sdr7;snap.ld.; 

'n.'iow!!.' 

7.5 

OB  bot.;  NZ; 

30 

20.93 

30 

35.90 

R;  TycoB. 

botm.  net 

25-0.... 

30 

Cable  out  (botm. 
net)  40  meters. 

1 

iklO,  #30 

0 

botm... 

30 
18 

ViSt.:....:..:. 

Cableout(9'Tnr.) 
360  meters. 

27.0 

0 
50 

28.10 
27.17 

0 
50 

30.08 
30.00 

Luc.  sdr.;  Bigs, 
rod;  GBbot.; 

8.S3E.... 

7.6 

Wire  with  bottles 

w»  *a^^    WAV**    K^^^vwa^^* 

at  200.  300,  400, 

100 

27.18 

100 

30.09 

NZ;   R;   SV.; 

and  600  meters. 

200 

22.08 

200 

30.74 

Tycos. 

had  angle  20-. 

300 
400 

17.61 
14.70 

800 

400 

30.32 
35.88 

vert,  net 

botm.net 

500-0... 

1,700-0 

36  l!!!!!!!!!!!!'!!!!'. 

Cable  out  (botm. 

600 

9.53 

600 

35.08 

1               1 

net)   1,800  me- 

900 

0.21 

900 

34.85 

' 

ters. 

1,300 
L5Q0 

5.15 
4.35 

1,200 
1,600 

34.90 
34.90 

mtr.net 

200-0... 

30 

Cable    out  (mtr. 



net)  300  meters. 

.,«0 

4.19 
30.70 

1,800 
0 

34.97 
30.06 

«l0,j»20 

0 

35 

24.44 

£l.sdr.;8nap.ld.; 

'8.38E.*!!!  "2C 

50 

25.83 

50 

36.04 

OB  bot.;  NZ; 

100 

30.00 

100 

86.47 

R;  Tycos. 

, 

150 

15.76 

150 

10.07 

vert  net 

150-0... 

botm.net 

150-0... 



M  ::::::::::::::::: 

Cable  out  (botm. 

1          1 

net)  200  meters. 

mtr.net 

50-0.... 

30   

Cable   out   (mtr. 

net)  100  meters. 

#10,  #20 

0 

35 
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Station 
num- 
ber. 


Bearings. 


C20030 


C20031 


LaUtude  N,,  Longitude  W. 
From  24  25  00  82  58  00 
To       24  23  00       82  57  00 


24  23  00       82  21  00 


C20032  24  24  30        81  33  30 


C20033 
C20034 

C20035 

C20036 


30  4«  00        81  20  00 


Prom  32  10  00       79  07  00 
To       32  11  00       79  04  00 


t  51  00       78  05  00 


C20037     From  33  34  00        70  41  00 
To       33  41  00        76  41  00 


C20038 


C2O03tt 


34  34  30        76  36  30 


From  34  25  00       7it  45  30 
To       34  47  30        75  17  30 


Chart. 


a  8. 
1007 


Date. 


1010. 
Nov.  26 


Time  of 
day. 


1007  I. ..do 


1007     Dec.     4 


4.00  p.  m. 

to 
5.40  p.  m. 


10.00  p.  m. 

to 
11.23  p.m. 


0.30  a.  m. 

to 
11..10a.  m. 


IH)C.    5 


1007     Dec.     8 


1001     Dec.     0 


1001     Dec.  10 


1001 


1001 


IQOI 


Dec.   12 


Dec.   13 


...do.. 


11.50  a.m. 

to 
12.47  p.m. 


7.50  a.  m. 

to 
1.30  p.  m. 


8.30  a.  m. 

to 
10.30  a.  m.« 


5.55  p.  m. 

to 
0.05  p.  m. 


8.45  a.  m. 


.'i.45  p.  m. 

to 
11.10  p.m. 


Depth. 


MtUn. 

87 


72 


•  Time  approximate. 


Character  of 
bottom. 


wh.lL. 


-do.. 


bn.  M. 


13 


214 


210 


16 


316 


bk.M. 


gn.lf.,8. 


S.,  8h. 


Digitized  by 


Google 


DREDGING  AND  HYDROGRAPHIC  RECORDS.  158 
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Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

Water. 

1 

^ 

i 

1 

1 

Q 

Remarks. 

1 

P. 
*C, 

•c. 

MtT$. 

Mtrt. 

E1.8dr.;snap.ld.; 
9'  Tnr.,  m.  b. 

E1.8dr.:snapJd.; 

Mtrg. 
botm... 

Min. 
45 

S.35E.... 

Mi. 

2.5 

Cable  out  (9' Tnr.) 
300    tms.    (540 
meters).    One 
side    of    frame 
parted,     whole 
frame   crum- 
pled;    brought 
up  about  3  cu. 
ft.  white  mud. 

28.11 

0 
10 
30 
00 

35.91 
25.86 
24.22 

0 
10 
30 
60 

36.04 
36.03 
36.02 
36.18 

GB  bot.;  NZ; 

R;  Tycos. 

vert,  net 

botm.net 

mtrt  net ...... 

60-0 

5(M).... 

20-0.... 

0 

botTn 

30 
30 
30 

:::    1 

Gable  out  (botm. 

net)  60  meters. 

Cable  out   (mtr. 

net)  30  metere. 

1 

«10.i|20 



S'iffrtri..:::::: 

do      

Two  hauls  with 

• 

do 

trawl  towed  by 
motor  launch  in 
bight    below 
Cape  Canaveral, 
Fla. 
F^mandtn<^  TT^r- 

23.33 

23.89 

23.33 
23.33 
2a  56 

21.  W 

0 
10 

0 
50 
100 
150 
200 

0 
10 

0 

0 
15 

0 
50 
100 
176 
250 

17.78 
18.42 

22.70 
22.46 
15.56 
14.28 
13.21 

15.30 
14.40 

21.90 

14.10 
13.23 

2Sw0O 
24.45 
23.19 
19.02 
12.17 

0 
10 

0 
50 
100 
150 
200 

0 
10 

0 

0 

15 

0 
50 
100 
175 
250 

33.90 
34.04 

36.13 
36.00 
36.00 
35.85 
35.69 

35.19 
35.23 

36.81 

32.52 
32.76 

36.26 
36.28 
36.44 
36.48 
35.50 

EL8dr.;snap.ld.; 

OB  bot.;  NZ; 

R;  Tyoos. 
botm.net 

^0,^20 

bor,  Fla.,  after- 
noon. 

botm.-O 
0 

30 
30 

Cable  out  (botm. 

net)  30  meters. 

fcl,  j^r,  ;snRp-ld. ; 

GB  bot.;  NZ; 
R;  Tycos. 
5' Tnr 

Tow;    N. 
24  W. 

6.5 

botm... 
botm... 
0 

25 
120 
45 

Cable  out  (5' Tnr.) 
300  fms.  (540 
meters). 

C^ble    out     (75' 

75'fldr 

QB'St.VNZ;*R;' 

Tycos. 
35'  atir.  tri .  , . 

fldr.)  325  tms. 
(585  meters). 

Anchored. 

Temps,  at  ship's 

anchorage. 
Trawl  towed  froai 

ELsdr.;snap.ld.; 

Tycos. 
75'fldr 

botm... 

105 

Tow;N... 

6.7 

motor  boat  dur- 
ing morning. 

Cable     out     (7C' 

GB  bot.;  NZ;  R; 
Tycos. 

35'  sl»r.  trl 

Anchored. 

fldr.)  325  fms. 
(585  meters). 

Temps,  taken  at 
ship's  anchor- 
age. 

Tra w  1  towed  from 

£1.   sdr.;   snap. 
Id  J    GB  bot.: 
NZ:  R;  Tycos. 

7y  fldr 

Tow   and 
driit:  N. 
46  £. 

31.3 

motor  boat  dur- 
Wire  with  bottles 

2,oor-o. 

0 

120 
45 

had  angto   15*. 
Trawl    showed 

#  10,  po 

no  sign  of  hav- 
ing been  on  bot- 
tom;   sounding 
at  10.30  p.  m. 
Okve    600   fms. 
Suppositian    is 
that   first  sdf. 

Cabte    out   325 
fms.  with  trawl. 
#20  net  fouled 
In  cable  oanled 
away. 
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station 


C20040 


C20041 


C20042 


C90043 


CTooa 


C200i6 


C20046 


C20047 


B«aringi. 


Laiiiude  N.,  Longitude  W.  C. 8. 


35  16  30       75  25  00 


From  37  50  00   74  06  30 
To   37  60  00   74  03  00 


From  39  00  00   72  56  30 
To   39  01  00   72  49  30 


From  39  36  00   72  04  30   i 
To   39  34  00   72  00  00 


4007  00   6803  00 


1001 


H.O. 
1411 


1411 


1411 


40  18  00   68  09  TX) 


40  37  30   68  20  30 


41  06  00   68  34  30 


iqi 


1411 


1411 


1411 


Date. 


1919. 
Dec.  14 


1920. 
Feb.  20 


Fob.  20- 
21 


Feb.  21 


Feb.  22 


.do.. 


.do.. 


9.10  a. 


2.35  a.  m. 

to 
7.12  a.  m. 


9.35  p.  m. 

to 
1.00  a.  m. 


7.18  a.m. 

to 
10.55  a.  m. 


12.25  p.m. 

to 
5.00  p.m. 


Feb.  23 


5.45  p.m. 

to 
7.45  p.  m. 


10.20  p.m. 

to 
11.40  p.m. 


4.25  a.  m. 

to 
5.45  a.  m. 


MeUn. 

19  gy.S.^M. 


202  Sh 


54  B.,Sh. 
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TemjMrature.        Salinity. 


0.0 


■  2.78 


Water. 


aoo 


'•.44 


9.44 


3.S9 


'  2.78. 


0     4.44 


32.21 


0  Nine. 
20  33.46 
50  33.66 
100  34.48 


0  32.34 
20  32.02 
60  34.42 
100  36.34 
160  '36.26 


0  32.34 
10  32.88 
32.77 
33.76 
32.63 


0  ^88 
20  82.38 
60  32.47 


Apparatus. 


GB  hot.;  NZ;  R; 
Tycoa. 

EI.  sdr.:   snap. 

Idj  OB   boi; 

NZ:  R;  Tycos. 
Syfldr. ........ 

«ao,<|6 

El.   sdr.:   snap. 

Idj  OB   bot; 

N^;  R;  Tyoos. 

80'ood 

#».«» 


El.  8dr.:  snap. 

Idj  OB   bot.; 

NZ:  R;  Tycos. 

S^cod 

P,«». 


Trial. 


Luc.  sdr.;  Sigs. 
rod;  OB  bot.; 
NZ;  R;  Tycos. 


Mtn. 


botm.. 
0 


botm. 


botm.. 
0 


vert.net 1,200-Q. 

botm.net tbO-0. 

mtr.net 100-0. 

«V«ao. iO 

El.   sdr.:   snap.  , 

Id^  Ofe  bot.; 

NZ;  R:  Tycos, 

vert.net 

botm.net 

mtr.net 


li»0-0. 


Si.«20. 
1.  sdr.;  snap. 
Id.;  OB  bot.: 
NZ;  R;  Tycos. 

vert.net 

botm.  net 


»#». 

El.   sdr.;   snap. 

Id.;  Tycos;  GB 

bot. 


Min. 


120 
60 


00 


120 
30 


DrI/t. 


Anchored. 


Tow;  9.  fl 


Tow;  N.  80 
£. 


Tow;  8.66 
E. 


60-0. 
6(M)., 


vert,  ne 50-0... 

botm.net '  botm.. 

<«,#20 0 


Mi. 


Remarks. 


Temp,  at  anchor^ 
age. 


276  fms.  cable  out. 
4t6  badly  torn  by 
wind. 


Ring  on  port 
board  of  trawl 
carried  away;  no 
catch;  276  fms. 
cable  out. 


On  1st  sdg.  wire 
parted;  830  fkns. 
wire  and  sdg. 
rod  carried 
away.  Wire 
bottles  at  600. 
1,000,  1,400,  and 
1,800  mtrs.,  an- 
^  66-,  with 
bottles  at  60, 
100, 200,  and  800, 


Cable  otit  (botm. 
net)  100  meters. 

At  this  and  all 
succeeding  sta- 
tioos  in  Gulf  of 
Maine  and  en 
roate  to  Balti- 
more soonded 
with  sinker  at 
end  of  \"  wire 
(St 'b'd.  winch). 
Therms,  were 
inadvertently 
reversed  <by 
whom  coald  not 
be  aaoertafaied) 
before  readings 
were  recorded. 

Botm.  net  fiiU  of 
sand. 
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Station 
num- 
ber. 

Bearings. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

1 
1 

Oiazacterof        | 
bottom.            1 

LatUude  M,  Longitude  W. 
41  41  00    -   ft8  49  00 

H.O. 

1920. 

Mdnt. 

C2004S 

1411 

Feb.  23 

10.45  a.m. 

170 

gy.M 

to 

12.35  p.  m. 

C20049 

42  30  00       09  84  30 

1411 

...do 

10.00  p.  m. 

to 
11.45  p.m. 

242 

.to 

C20060 

42  30  00       70  18  00 

041 

Mar.    1 

2.33  p.m. 
to 

176 

4.20  p.  m. 

C20051 

42  30  30       70  08  30 

041 

Mar.  1-2 

7.00  p.m. 

79 



to 

7.30  a.m. 

7.15  p.m. 



7.45  p.m. 

8.20  p.  m. 



8.50  p.  m. 

9.30  p.  m. 

10.05  p.  m. 

10.35  p.  m. 

11.00  p.m. 

11.30  p.  m. 

12.05  a.  m. 



12.30  a.  m. 

1.02  a.  m. 

::::: 

1.55  a.  m. 



2.20  a.  m. 

3.00  a.  m. 

3.20  a.  m. 



4.20  a.m. 

4.40  a.m. 

::::: 

5.10  a.  m. 

5.45  a.  m. 

6.13  a.  m. 

6.45  a.  m. 



7.15  a.  m. 

C20062 

42  43  00       «8  41  00 

941 

Mar.    2 

G.15p.m. 

to 
9.30  p.m. 

210 

C20053 

42  45  00       67  28  00 

Ml 

Mar.    3 

5.00  a.  m. 
to 

235 

7.15  a.m. 
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SotTTH  raoM  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Continued. 


Tempermtare. 

Salinity. 

ApparetoB. 

Trial. 

Drift. 

Water. 

1 

1 

* 

1 

0 

0 

Remarks. 

< 

til 

2.22 

0  1  a.33 

0 
20 
50 
75 
100 
150 

0 
20 
60 
'100 
150 
200 

0 
20 
40 
100 
150 

32.47 
32.47 
32.47 
32.43 
32.49 
32.97 

32.52 
32.51 
32.52 
32.54 
33.40 
33.78 

82.36 
32.34 
32.36 
82.34 
32.39 

El.   sdr.;   snap. 

Id.:  GB  bot.; 

NZ;  R;  Tycos. 
vort.  net 

M. 

Min, 

Mt 

20 
50 
75 
100 
100 

0 
20 
50 
100 
150 
200 

0 

20 

40 

100 

150 

3.48 
3.49 
3.55 
3.54 
4.87 

3.33 
2.79 
2L79 
3.04 
6.66 
5.63 

2.50 
1.95 
1.80 
1.52 
1.68 

1 
170-0.. .1 



30 
30 
30 

mtr.net.  .                .    .  . 

m^po 

0 

2.78 

El.  sdr.'   snap. 
Id.;  Ofe  bof.; 
NZ;  R;  Tycos. 

200-0 

botm.net 

mtr.net 

200-0... 
604).... 

0 

30 
30 

30 

Cable  out  (botm. 

net)  300  m. 
Cable   oat   (mtr. 

QBf*SkV;"NZr 
Tycos. 

vert.net 

mtr.  net . . 

net)  150  m.:  net 
carried  away. 

6.7 

1 

1.50-0... 
75-0.... 

0 

5 

60 

6 

50 

5 

50 

5 

60 

6 

50 

5 

50 

5 

50 

6 

50 

6 

5 

60 

6 

50 

5 

50 

2 

30 

30 

13.0 

12.8 

15.6 

13.06 

11.8 

11.7 

11.2 

11.3 

ia6 

11.4 
11.0 
11.3 
11.5 
11.5 
10.6 
11.3 
11. 0 
11.6 
11,3 
11.0 
11.1 
10.3 

lao 

1 

CaHa  oiit  l.im  mA. 

i 

iflO,  ipo 

ters,  angle  60"- 
80^. 

Rk.  mtr... 

Anchored. 
CurrefU. 

ENE 

W 

0.5 

0.5 

0.97 

1.10 

1.10 

1.30 

0.70 

0.70 

1.20 

0.70 

0.50 

0.60 

0.flO 

aoo 

0.70 

a60 

0.5Q 
0.50 
0.60 
0.50 
0.50 
0.60 
0.50 

For  this  station 

' 

the"directlan" 
is  magnetic 
and  that  from 

which  current 

SW 

8W 

WNW.... 
Wby8... 

Nw:. 

NW 

NW 

NW 

NW 

NW 

T  .... 

flows;  "dis- 

* 

1 

tance  "  is  ve- 

locity of  cur- 
rent in  T^ii^ 

:.; 



per  hour. 





' 

' 

E 

,  -  -' — 

E 

NBbyE.. 

ENE 

NE 

E8E 

ENE 

E8E 

NE 

8E 

1 

1 

..  ..1 

-3.3 

0 
20 
40 
100 

:  130 

200 

0 
20 
40 
100 
150 
225 

2.62 
2.24 
2.48 
2.47 
3.60 
5.24 

2:78 
2.20 
2.34 
2.28 
4.96 
5.39 

0 

20 

40 

100 

150 

200 

0 

20 

40 

100 

150 

225 

32.49 
32.52 
32.52 
32.52 
32.66 
33.44 

GB  bot.;  NZ;  R. 

yert.net 

200-0... 
170 

5 
.30 

cbg.  net 

Cable   out   (dag. 

net)  200  meters; 

suooessftil  haul. 
Mtr.  net  carried 

mtr.  net 

g20,  #10 

0 

ia>-o... 

30 

away;  cable  oat 
125  meters. 

32.54 

■  0.0 

OB    bot.;    NZ; 

32.59 
32.57 
32.61 
33.87 
34.36 

vert,  net 

225^.-. 
225 

0 

75 

0 

'""36" 

30 
20 
15 



else,  net 

r>f^hip  Afit  250  mfr 

#20,  #10 

ten. 

clSK.liet 

#1?. 
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Station 
num- 


C30064 


C20055 


(^20056 


C20057 


Ca0068 


caoosQ 


C20060 


Beuinp. 


LatUude  y.,  Ixmgitnde  W, 
43  15  do       67  45  00 


43  42  00       67  56  00 


44  05  00       68  08  00 


43  21  00        68  58  00 


48  41  00       09  88  00 


43  26  00       70  12  00 


^3  08  00       70  27  00 


C20061  43  00  00       70  11  00 


Ca0062  42  26  00       70  42  30 


C20063  . 


42  20  00  70  40  00 

42  17  00  70  07  00 

42  12  00  69  06  00 

42  06  00  68  10  00 


Chart 


H.  O. 
941 


041 


941 


941 


941 


941 


941 


941 


941 


Date. 


Time  of 
day. 


Depth. 


1920.  Mden. 

Mar.    3  I  11.10 a.m.!        260 

I        to 
2.10  p.  m 


ICar.    3 


.do 


Mar.    4 


..do.. 


.do.... 


..do 


Mar.    5 


5.54  p.  ni. 

to 
7.30  p.  ra. 


230 


10.45  p.m.  100 

to 

12.00  m.     . 


Character  of 
bottom. 


gy.M. 


...do.. 


Mar.  10 

.do.. 

.do.. 


7.15  a.  m. 

to 
8.30  a^  m. 


1.10  p.  m. 

to 
2.18  p.m. 


6.00  p.  m. 

to 
7.05  p.  m. 


10.30  p.  m. 

to 
12.00  m. 


1.30  a.m. 

to 
3.00  a.m. 


8.30  a.m. 

to 
9.50  a.  m. 


gu     Mar.  11 


1.30  a.m. 

to 
3.40  a.  m. 


130 


50 


95 


gy.M. 


8.,flh. 


gy.  gn.  M.andS. 


gy-M.. 


175 


50 


0 

0 

0 

205 


..do.. 


hD.M.,Sh. 


gy.M.. 
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South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


1     Tomperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

Water. 

1 

1 

i 

1 

Remarks. 

1 

1 

•c. 

3.9 

If. 

0 
20 
40 
100 

m 

250 

•c. 

2.50 
1.84 
1.84 
1.77 
5.40 
5.48 

0 
20 
40 

100 
175 
225 

0 
20 
40 

100 

150 

220 

0 

82.41 
32.39 
32.39 
32.41 
33.75 
34.00 

32.38 
32.39 
32.41 
33.16 
33.77 
33.91 
32.21 

OB    bot.;    NZ; 
Tycos. 

vert.net 

U. 

Min. 

Mi. 

Clsg.    net    sent 

3.9 

250-0... 

down,  but  faUod 
toopen.  Nosam- 
ple  at  250  m. 
Sample  taken 
later  at  225. 

i(20.  no.  .  . 

0 

100-0... 

30 
25 

0    2.  .in 

Ko'.   

Cable  out  150  me- 

OB   bot.;    NZ; 

Tycos. 
vert,  net 

ters. 

ao 

40 
100 
150 
220 
0 
20 
40 
100 

L85 
1.82 
4.39 
5.46 
5.59 
1.16 
.50 
.49 

225-0... 

! 

ctag.  net   . 

175 

0 

30 
30 

Cable  out  210  me- 

920, itlO    . 

ters. 

SjBf^lSjt.;    NZV 

Tycos. 
vert.net 

100-0... 

1 

1 

t 

clsg.net,  open.... 
#20.  #10 

75-0.... 
0 

30 
30 

1 

Open  haul   with 

, 

0 
20 
40 
75 
125 
0 
15 
45 

0 
20 

32.39 
32.40 
32.41 
32.41 
32.43 
31.31 
32.00 
32.34 

32.09 
32.10 

1 

clag  net. 

.     4  4 

0 
20 
40 
75 
125 

0 
15 
45 

0 
20 
40 
90 

0 
20 
40 
90 

0 
20 
40 
100 
165 
175 
0 
20 
50 

0 

0 

0 

0 

15 

35 

05 

140 

190 

190 

2.22 
1.91 
1.91 
1.89 
2.00 
1.39 
.68 
1.43 

1.11 
.47 
.61 

2.33 

1.39 
1.25 
1.28 
1.15 

1.30 
.85 
L33 
1.96 
4.20 
4.20 
.78 
.55 
.33 

1.1 

2.2 

2.2 

3.61 

3.49 

3.09 

3.05 

4.30 

4.63 

4.M 

OB    bot.;    N>;/ 

vert.net 

clag.  net,  open. - 

1 

1 

120-0... 
75-0.... 
0 

3 
30 
30 

1 

Do. 

1 

i 

L.     .. 

I.-.. 

5.6 

6.1 
6.1 

7.  "* 

SBf'bot.;    NZ; 

Tycos. 
vert.  net.  . . 

1 .   .. 

45-0.,.. 

1 1..... 

clsg.  net,  open . . . 
#20,  #10 

30-0... . 
0 

30 
30 

Open  haul  with 



1 
1 

clMnet.  Cable 
out  45  meters. 

GB    bot.;    NZ; 

Tvcos. 
verf .  net 

1 

Open  haul  with 
clsg  net. 

Do. 

90-0 

90 

0 
20 
40 
90 

32.32 

32.28 
32.27 
32.30 
32.30 

cteg.  net,  open.... 
#20,  #10 

60-0.... 
0 

30    

30    

OB     bot.;    NZ; 

Tycos. 
vert.net.  . 

90-0... 
90-0... . 
0....... 

3 

30 
30 

1 

gf.net,open.... 

OB    boV.;    NZi 

Tycoa. 
verf.  net 

Deepest  temp,  re- 
peated as  oneck. 

20 
40 

100 

82.17 
32.34 
32.41 

175-0 

.  ...| 

Wo';.°^":- 

100-0... 
0 

30 
35 

175 
0 

32.91 
82.14 

OB    bot.;    NZ; 

j 

Tycos. 
vert,  net 

50-0 

1 

50 

0 
0 
0 
0 
15 
35 
95 
140 
190 

32.16 

32.00 
32.43 
32.65 
32.61 
32.59 
82.66 
32.63 
33.16 
34.61 

clsg.  net,  open... 
#20. 

30-0... . 

0 

0 

30 

15 
30 

i                               1 

Open  haul  with 
ctognet.  Cable 
out  40  meters. 

IS;.. ;.:.::  ■■ 

1 

::::::...:  "I..:.. 

'::::::i.;:::;.....;i..... 

....::J ' .. . 

GB    bot.;     NZ; 

1 

Alkalinity:  Surf, 
and  lOOmeten, 
7.9 

Tycos. 
vert,  net 

190-0... 
190 

0 

; 

clsg.net 

2.S   Cable   out   (clag. 

#»,#io 

1     net)    200    me- 
1             ters,  angle  20% 

1           i 

toached      bot- 
1        '     torn. 
45  1 1 1 
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■V 

StaUoQ 
num- 
ber. 

Beprings. 

Gbart. 

Date. 

Time  of 
day. 

Depth. 

Character  of 
bottom. 

C20064 

LatitvdeN.,  LongUudeW. 
42  20  00       67  13  00 

H.  0. 
941 

1900. 
Kar.  11 

10.00  a.  m. 

3£0Ur$. 
315 

gn.M 

to 
12.40  p.m. 

G20065 

41  65  00       66  53  00 

941 

...do 

5.15  p.  m. 

to 
6.25  p.  m. 

80 

caooae 

41  84  00       66  45  00 

941 

...do 

9.00  p.m. 
to 
12.00  m. 

75 

' 

020067 

41  ISJOO       66  31  00 

941 

Mar.  12 

2.55  a.m. 

to 
4.15  a.m. 

95 

C30068 

41  02  00       66  20  00 

941 

...do 

7.45  a.m. 

to 
9.00  a.m. 

191 

caooao 

40  47  00       66  08  00 

941 

...do 

11.30a.m. 

to 
2.05  p.  m. 

1,000 

C20070 

42  03  00       66  16  00 

941 

Mar.  13 

2.00  a.  m. 

to 
3.09  a.  m. 

42  19  00       66  02  00 

941      Mnr     1!t 

5.00  a.m. 

to 
6.30  a.  m. 

225 

42  36  00       65  60  00 

941 

...do 

8.20  a.m. 

to  . 
9.30  a.m. 

91 

C20073 

433000       650600 

941 

Mar.  17 

12.67  p.m. 

to 
2.20  p.  m. 

76 
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SocTH  FROM  Norfolk,  1919,  and  North  from  Norfolk,  1920-  Continued. 


Temperature. 

Salinity. 

Apparatus 

Tri« 

Drift. 

5 

Water. 

J3 

1 

i 

Q 

1 

RemarlLS. 

1 

i 

•c. 

8.9 

>.3 

1 

0 

20 

40 

100 

150 

200 

265 

330 

0 

20 

40 

80 

•c. 

3.50 
2.80 
2.73 
3.18 
4.26 
4.32 
4.24 
4.02 
3.61 
2.97 
2.95 
2.73 

0 

20 

40 

100 

150 

200 

265 

330 

0 

220 

40 

80 

0 
20 
40 
70 

0 
20 
40 
90 

0 

20 
40 
100 
150 
100 

32.84 
32.83 
32.84 
32.95 
33.66 
34.69 
34.76 
34.78 
32.63 
32.66 
32.65 
32.69 

32.57 
32.61 
32.61 
32.59 

32.68 
32.68 
32.75 
32.79 

32.65 
32.66 
32.66 
32.83 
33.86 
34.23 

GB    hot.;    NZ; 
Tycsos. 

vert,  net 

340-0  .. 

Min. 

Alkalinity:  Surf., 
7.9;  330  meters, 
8.0. 

cLsK .  net 

IGo 

0 

125-0.. 

80-0.... 

30 

;«) 

20 

#20,  #10 

clsg.net,  open... 

GB    bot.;    NZ; 
Tycos. 

vert.net 

mtr.net 

GB'    bot.;"NZ;" 
Tycos. 

^-ert.  net 

mtr.net 

^  #10 

1 

Open  haul   with 

else.  net. 
Alka3inlty:    Surf. 

and  180  meters, 

7.9. 

1 
i 

40^.... 
0 

70-0.. 
60-0.. 

0 

iKjtm... 

90-0.... 
50-0-..- 

0 

30 
30 

"  ;io 

.'V) 
60 

"  35 
40 

Cable   out    (mtr. 
net)  75  meters, 
angle  40-45'. 

] 
1 

:   S.3 

1 

0 
20 
40 
70 

3.33 
2.78 
2.73 
2.53 



Alkalinity:  Surf, 
and  70  meters, 
7.9. 

Cable   out    (mtr, 
net)  70  meters. 

J».3 

0     3.05 
20  '3.07 
40     2.83 
00     2.80 

0     3.33 

80' cod 

GB    bot.;    NZ; 
Tycos. 

vert.net 

mtr.  net 

#20,  #10 

GB    bot.;    NZ; 
Tycos.  . 

vert,  net 

mtr.  not 

Several  ripe  had- 
dock taken. 

Alkalinity:  Surf, 
and  90  meters, 
7.9. 

Cable  out  90  me- 
ters. 

Alkalinity:    Surf. 
150,     and     190 
meters,  7.9. 

Cable     out      150 
meters. 

Alkalinity:  Surf., 
and  1,000  me- 
ters, 7.9. 

Open  haul  with 
clsg.  net. 

1 

9  4 

20 
40 
100 
150 
100 

0 
50 
100 
150 
200 
300 
400 
500 
1,000 

0 
20 
40 
00 

0 
20 
40 

2.90 
2.92 
3.56 
4.40 
4.92 

3.33 
3.11 
7.00 
7.01 
5.92 
4.73 
4.32 
4.26 
3.77 

3.05 
2.78 
2.74 
2.50 
3.33 
2.00 
a  15 

150-0... 

30 
30 

#20,  #10 

11.1 

GB    bot.;    NZ; 
R;  Tycos. 

clsg.  not,  open... 

mtr.  net 

0.4 

50 
100 
150 
200 
300 
400 
500 
1,000 

0 

20 

40 

90 

0 

20 

40 

100 

150 

215 

0 

20 

40 

00 

0 
20 
40 
70 

32.79 
33.86 
34.63 
34.67 
34.67 
34.71 
34.81 
34.92 

32.66 
32.67 
32.66 
32.70 
32.81 
32.83 
32.86 
34.29 
34.42 
34.70 
32.32 
32.34 
32.57 
33.02 

32.44 
32.43 
82.48 
32.71 

1,00.')-0. 

500-0... 
0 

30 
30 

#20,  #10 

GB    bot.;    NZ; 

Tycos. 
#20,  #10 

Between  stations 
20069  and  20070, 
Mar.  12,  at  7.oa 
7.20  p.m.,  towed 
#10,  ship  slowed 
down. 

Sea  too  rough  to 

1 

0 

150-0... 

30 

1 

risk  large  nets. 

10.0 

GB    bot.;    NZ; 

R;  Tycos. 
vert,  net 

lOO  1  6. 4ft 

#20,  #10 

GB    bot.;    NZ: 
R;  Tycos. 

vert.net 

GB    bot.:    NZ; 

R;  Tycos. 
▼ert.  net 

0 

30 

Sea  too  rough  to 

1 

9  1 

150 
215 
0 
20 
40 
00 

0 
20 
40 
70 

6.85 
6.84 
1.95 
1.88 
2.14 
3.40 

2.22 
2.10 
2.10 
2.52 

11.1 

i 

75-0.... 
70-0..   . 

risk  townets. 
AlkaUnity:Surf., 
7.95;  90  meters, 
8.1. 

Alkaiiiiltv:  Surf., 
7.9. 

#20.  #10 

0 

70-0.... 

30 
30 

! 

m- 

1 

S572**— 21- 


-11 
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station 
nam- 
ber. 


BearingB. 


Laiitvde  N.,  Longitude  W. 
C20074  '■  43  18  00       64  58  00 


C20O75 


C20076 


C20077 


C20078 


C20079 


C20080 


C20081 


C20082 


C20083 


42  55  00       64  36  00 


42  33  00       64  30  00 


42  24  00       64  19  00 


42  68  00       65  48  00 


44  21  00       66  37  00 


44  21  00       67  37  00 


44  08  00       67  26  00 


43  54  00        06  53  00 


43  41  00       66  21  00 


Time  of 
day. 


941 


941 


941 


941 


941 


941 


941 


941 


941 


...do.... 


...do.... 


Mar.  19- 
20. 


Mar.  20 


Mar.  22 


..do.. 


Mar.  22- 
23. 


Mar.  23 


..do 


2.28  p.  m. 

to 
3.47  p.  m. 


6.26  p.  m. 

to 
8.19  p.  m. 


9.50  p.  m. 

to 
12.30  a.m. 


8.39  a.  m. 

to 
9.50  a.  m. 


12.35  p.  m. 

to 
2.55  p.  m. 


8.15  p.  ] 

to 
9.14  p. ] 


11.10  p.m. 

to 
1.15  a.m. 


Depth. 


Cbaraeteror 


0 
1000 


170 


210 


61 


206 


4.50  a.  m. 

to  125 

6.13  a.  m. 


9.00  a.  m. 

to 
10.07  a.  m. 


rd.C. 
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SocTH  PROM  Norfolk,  1919,  and  North  prom  Norfolk,  1920— Ck)ntinued. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

Water. 

1 

i 

1 

Q 

1 

.a 

Remarks. 

1 

W 
H 

3.9 

M. 

0 
20 
40 
100 
150 

0 
30 
10 
90 

0 

ao 

40 
100 
150 

an 
sso 

0 
40 
100 
ISO 
300 
800 
500 
1.000 

0 
30 
40 
100 
105 
0 
30 
40 
100 
150 
200 

0 
10 
00 

0 
90 
40 
100 
150 
30O 

0 
20 
50 
120 

0 
20 
40 
65 

•c. 

1.80 
1.24 
1.10 
3.86 
4.68 

0.56 
0.27 
0.45 

8.76 

1.28 
0.99 
1.30 
7.39 
8.61 
8.92 
6.20 
5.28 
6.53 
1.67 
1.29 
6.82 
6.06 
7.89 
6.82 
4.28 
8.90 

1.95 
1.82 
2.12 
2.67 
4.50 
2  60 
2.14 
2.17 
2.56 
8.32 
4.39 

1.89 
1.26 
1.43 

1.95 
1.76 
1.63 
2.26 
5.07 
6.89 

2.67 
2.85 
2.53 
8.85 

1.95 
1.54 
1.54 
3.04 

M. 

0 
20 
40 
100 
150 

0 
20 
40 
90 

0 
20 
40 

32.00 
32.07 
82.07 
32.94 
83.09 

31.80 
31.83 
31.82 
33.21 

32.06 
32.06 
32.20 

GB    bot.;    NZ; 
R;  Tycos. 

vert.net 

M, 

mn. 

Afi, 

Alkalinity:    Surf, 
and  150  meters, 
7.9. 

Cable  out  160  me- 

150-0... 

1 

mtr.  net 

125-0... 
0 

30 
30 

ters,  angle  40*. 

Alkalinity:    Surf, 
and  00  meters. 

3.9 

«20,  #10 

OB    bot.;    NZ  • 

R:TyooB. 
vert,  net 

8.0.                      ' 
Angle  20». 
Cable  out  100-me- 

1 

mtr.  net 

90-0.... 

2.8 

iMO.aiO 

80-0.... 
0 

250-0... 

30 
30 

ters,  angle  40% 

OB    bot.:    NZ; 

R;Tyco8. 
vert,  net 

150 
200 
350 

0 
40 
100 
150 
300 
300 
500 
1,000 

0 
20 
40 
100 
165 
0 
20 
40 
100 
150 
200 

0 
M 
60 

0 

20 
40 
100 
150 
300 

0 
30 
50 
120 

0 
20 
40 
65 

34.34 
34.70 
34.65 

32.16 
32.19 
33.78 
34.88 
34.85 
84.85 
34.83 
84.88 

32.45 
32.45 
32.43 
32.72 
38.58 
32. 5C 
82.54 
32.53 
32.70 
33.01 
83.31 

32.05 
32.16 
82.25 

32.32 
32.32 
32.36 
32.50 
33.67 
33.84 

82.50 
82.61 
32.72 
33.15 

32.17 
82.18 
32.22 
32.54 

dsg.  net,  open... 
mtr.net 

120-0... 
70-0.... 

30 

30 
30 

Open  haul;  cable 
out  240  meters, 
angle  66-. 

Cable  out  140  me- 

5.0 

¥00 

ters,  angle  aS". 

OB    bot.;    NZ; 

R;  Tycos. 
clsg.net,  open... 

mtr.net 

800-0... 

500-0... 
0 

30 

30 
30 

Open  haul  with 
clsg,  net,  cable 
out  1,500  meters, 
angle  60-. 

Cable  out  1,000 
meters,  angle 
60'. 

1 

«30,  #10 

2.2 

W'^bot.;    NZ: 

Tyoos. 
#10 

Alkalinity:  Surf., 

110-0... 
0 

30 
30 

8.0. 

Jao,  #10 

7.78 

GB    bot.;    NZ; 

R;  Tycos. 
vert.net 

210-0... 

olsg.net 

170 

0 

180-0... 

25 

45 
30 

Cable  out  200  me- 

#20, #10 

ters,  angle  20% 

clsg.net,  open... 

GB    bot.;    NZ: 

Tycos. 
vert.net 

Open  haul;  cable 

5,W 

out  200  meters, 
angle  20-30». 

1 

60-0  ... 

mtr.  net 

30-0.... 
0 

30 
30 

Cable  out  50  me- 

#26, #10 

ters,  angle  40*: 

\56 

WW;    NZ: 

R;  Tycos. 
vert,  net 

200-0... 

clsg.  net 

170 

0 

160-0... 

30 

35 
30 

Cable  out  200  me- 

(.87 

#20,  #10 

ters,  angle  30- 
45-. 

mtr.  net 

Cable  out  200  roo- 

GB   bot.;    NZ: 

R;  Tycos. 
vert,  net 

ters,  angle  40*. 
Alk^lty:  Surf., 
7.9. 

120-0.  . 

mtr.  net 

70-0.... 
0 

30 
30 

Cable  out  110  me- 

#30. #10 

ters,  angle  40*. 

:.22 

GB    bot.:    NZ: 

R;  Tycos. 
vert,  net 

Alkalinity:  Surf, 
7.9. 

65-0.... 

mtr.  net 

30-0.... 
0 

26 
35 



Cable  out  40  me- 

1 

«»,#io 

ters,  angle  20- 
40'.' 
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station 
num- 
ber. 


C20084 


C20065 


C20066 


C20087 


C20088 


CaOORQ 


Bearings. 


LatUude  N.y  LvnqUvde  W. 
43  18  00       66  09  00 


43  17  00       66  33  00 


43  10  30       07  12  00 


42  37  00       69  27  00  . 


42  15  00       69  54  00 


42  26  00        70  42  30 


C20090  42  30  00       70  19  00 


C20091 


C20092 


C2OO03 


C20094 


42  43  00       70  22  00 


42  49  00       70  37  00 


42  57  00       70  07  30 


43  08  00       69  39  30 


Cbart. 


C.8. 


1106 


1106 


IIW 


1106 


1106 


1106 


1106 


1106 


Date. 


Time  of 
day. 


1920. 
Mar.  23 


.do 


..do 


2.00  p.  m. 

to 
3.00  p.  m. 


5.15  p.m. 

to 
6.08  p.  m. 


9.30  p.  m. 

to 
11.20  p.m. 


Depth. 


MtUr9. 
55 


70 


Mar.  24      3.50  p.m. 
'         to 
5.30  p.  m. 


Mar.  24  |    9.40  p.m. 
to 
,  11.00  p.m. 


Apr.    6  '    3.17  p.m. 
to 
I    4.25  p.m. 


Apr.    9    10.15  a.  m. 
to 
;  11.55  a.  m. 


...do '    1.50  p.m. 

to 
2.55  p.m. 


..do.. 


5.03  p.m. 

to 
7.45  p.m. 


1106   ...do 10.30p.m. 

I         to 
11.50  p.m. 


Apr.   10 


3.00  a.  m. 

to 
4.15  a.  m. 


176 


255 


180 


00 


134 


60 


85 


167 


Character  of 
bottom. 


gy.  M. 


i       i. 
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J-orxH  FROM  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Continued. 


Temperature. 

Salinity. 

.\pparatu5. 

Trial. 

Drift. 

WatOT. 

i 

Q 

1 

5 

Mi. 

Uemarkr.. 

< 

1 

o. 

1 

1 

1 

•r. 

8.33 

8.  SO 
H.33 

ir. 

0 
20 
50 

0 
10 
70 

0 
20 
40 
100 
170 

0 
20 
40 
100 
IfiO 
200 
250 

0 
20 
40 
100 
180 

0 
10 
25 
«0 

0 

10 

30 

00 

120 

0 
20 
M 

0 
20 
40 
80 

0 
20 
40 
100 
IM 

0 
20 
40 
90 

2.11 
1.74 
1.81 

3.50 
2.40 
2.48 

8.61 
3.40 
3.39 
4.29 
5.01 

8.06 
2.74 
2.74 
2.80 
6.37 
5.39 
5.06 

2.50 
2.20 
2.20 
8.61 
4.97 

3.05 
2.89 
2.31 
1.40 

3.33 
2.50 
2.42 
2.34 
2.25 

3.38 
2.48 
2.50 

3.06 
1.04 
2.46 
2.36 

8.05 
2.42 
2.26 
3.50 
4.20 

2.78 
2.34 
2.46 
2.82 

M. 

0 
20 
50 

32.10 
32.16 
32.23 

GB    bot.;    NZ; 

R;  Tycos. 
vert,  net    .  .  . 

J/. 

^fin. 

50-0 

mtr.  net 

40-0.... 
0 

30 
30 

Cable  out  50  me- 

#20, #10 

ters,  an^Ie  20- 
40^. 

OB    bot.;    NZ; 

R;  TycoB. 
mtr.  net 

Alkalinity:  Surf., 

80 
70 

32.63 
S2.63 

60-0.... 
0 

30 
30 

7.9. 
Cable  out  70  me- 

«20,#10  

ters,  angle  30". 

OB    bot.;    NZ; 

R;  Tycos. 
yert.  net 

20 
40 
100 
170 

0 
20 
40 
100 
150 
200 
250 

0 
20 
40 
100 
180 

0 
10 
25 
60 

0 
10 
30 
90 
120 

0 
20 
60 

0 

83.10 
33.10 
83  63 
34.00 

32.49 
32.56 
32.54 
32.63 
33.53 
34.06 
34.22 

32.36 
82.39 
32.44 
32.92 
33. 5S 

31.25 
31.26 
31.30 
32.31 

32.36 
32.84 
32.34 
32.47 
32.48 

31.97 
32.08 
32.45 

31.01 

170-0  . 

mtr.  net 

150-0... 
0 

30 

Cable  out  170  me- 

lf&*l2rt.*;"NZV 
R;  Tycos. 

vert,  net 



ters,  angle  30*. 

11  67 



Alkalinity:   Surf, 
and  250  meteri, 
7.9. 

1 

250-0... 

i 

1    ..    . 

mtr.  net 

200-0... 

105 

0 

3U 

Cable  out  250  me- 

1 

clsg.  net 

30 
35 

ters,  angle  35«. 
Cable  out  125  me- 

#20. #10 

ters,  angle  35». 

*i.33 

GB    bot.;    NZ; 

R;  TycoB. 
vert,  net 

160-0 

Cable  out  150  me- 

1 

mtr.  net 

125-0... 
0 

30 
30 

ters,  angle  35". 

#20,  #10 

5.56 

OB    bot.;   NZ; 

TycOB. 
vert.net 

Alkalinity:  Surf., 

60-0 

1 

7.95. 

mtr.net 

50-0...- 
0 

30 
30 

Cable  out  60  me- 

#20. #10 



ters,  angle  30'. 

4.4 

GB    bof.:    NZ; 
R;  Tycos. 

vert.net 

Alkalinity:  Surf. 

i 



120-0... 

1 

and  120  meters, 
7.9. 

clsg.net 

60 

0 

30 
30 

Cable  out  75  me- 

#20, mtr.  not 

OB    hot.;    NZ; 

ters,  angle  35*. 

6  1 

Alkalinity:  Surf., 

5.0 

3.9 
3.0 

R;  Tycos. 
mtr  •i*'t 

30-0.... 
0 

30 
35 

8.0. 
Cable  out  40  me- 

^OO, mtr.  net 

G3    bot.;    NZ; 

Tycos. 
vert.net 

ters,  angle  40*. 

Alkalinity:  Surf., 

80-0 

7.95. 

75'  fldr    . 

' 

90 
50 

Cable  out  270  me- 

0 
20 
40 
100 
160 

0 
20 
40 
90 

31.92 
32.02 
32.35 
32.81 
33.10 

32.16 
32.17 
32.41 
32.56 

#20,  mtr.  net 

OB    bot.;    NZ; 

R.;  Tycos. 
vert.net 

' 

ters. 
Mtr.  net  full  of 

' 

trash,  was  out 
over  again. 

160-0... 
125-0... 

0 

1 

30 
35 

Cable  out  150  me- 
ters, an^ie  30'. 

#20,  mtr.  net 

OB    bot.;    NZ; 

Tycos. 

vert.net 

mtr.net 

m#io 

90-0    .'----  

0 

30 
30 

Cable  out  70  ma- 

'  1 

ters,  angle  85*. 
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station 
num- 
ber. 


C20095 


C200W 


C20097 


C20098 


C20099 


C20100 


C20101 


C20102 


C20108 


C20101 


C20105 


Bearings. 


LatUudey.j  LongitvdeW. 
43  25  00       70  12  00 


43  4^)  00       60  37  00 


43  10  00       68  54  30 


43  42  30       67  55  00 


44  15  00       67  53  00 


44  00  00       67  26  00 


43  53  00       66  51  00 


43  42  00       66  21  00 


i  20  00       66  36  00 


43  13  00       65  50  00 


42  58  00       65  58  00 


Chart. 


c.a. 


1106 


1106 


1106 


1106 


1106 


1106 


1106 


1106 


1106 


Date. 


1090. 
Apr.  10 


Time  of 
day. 


7.45  a.  m. 

to 
8.55  a.  m. 


do 12.20  p.m. 

to 
1.35  p.m. 


Apr.  10- 


Apr.  11 


Apr.  12 


...do 


.do 


Apr.  13 


Apr.  15 


1106  ...do.... 


1106 


.do.. 


11.00  p.m. 

to 
12.25  a.  m. 


7.00  a.  m. 

to 
9.30  a.  m. 


12.50  p.  m. 

to 
1.55  p.m. 


4.25  p.m. 

to 
6.00  p.  m. 


0.30  p.  m. 

to 
10.45  p.  m. 


2.15  a.  m. 

to 
3.20  a.  m. 


1.00  p.  m. 

to 
2.00  p.  m. 


6.00  p.  m. 

to 
7.00  p.  m. 


9.12  p.m. 

to 
10.35  p.  m. 


I>epth. 


JTeferf. 
93 


80 


Characterof     ' 
bottom.        I 


130 


216 


73 


230 


150 


66 


92 


46 


134 
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South  from  Xorpolk,  1919,  and  North  from  Norfolk,  1020 — ('qjitinued. 


1 

Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

i 

•c. 

5.0 

12.2 

4.4 

6.7 

7.8 

7.8 

7.8 
10.6 

7.8 
7.8 

Water. 

i 

i 

1 

j 

1 

1 

Remarks. 

1 

1 

0 
20 
40 
90 

0 
20 
60 

0 
20 
40 
100 
125 

0 
20 
40 
100 
150 
210 

0 
20 
40 
70 

0 
15 
35 

95 
145 
195 
225 

0 
20 
40 
100 
140 

0 
20 
40 
60 

0 
20 
40 
00 

0 
15 
45 

0 
20 
S5 
06 

m 

•c. 

3.06 
2,71 
2.25 
2.22 

2.78 
2.02 
2.30 

3.33 
2.40 
2.13 
3.46 
4.51 

3.06 
2.33 
2.53 
3.53 
4.01 
5.28 

3.61 
2.23 
2.34 
2.60 

3.80 
3.07 
3.20 
4.50 
5.06 
5.12 
5.14 

4.28 
3.30 
3.67 
4.58 
4.71 

3.80 
3.26 
3.00 
2.83 

3.80 
3.85 
3.44 
3.40 

3.05 
2.80 
2.83 

3.61 
3.61 
3.11 
3.16 
3.15 

0 

3ao7 

GB    bot.;    NZ; 

Tyoos. 
vert.net 

if. 

Aftn. 

Mi. 

Alkalinity:  Surf.. 

90-0.... 

8.0 

40 

82.60 

mtr.net 

55-0.... 
0 

30 
30 

Cable  out  70  me- 

0 
20 
60 

0 
20 

20.04 
81.60 
32.41 

32.43 
32.43 

^,#10 

ters,  angle  40^ 

GB    bot.;    NZ; 

Tycos. 
vert.net 

Alkalinity:  Surf., 

80-0.... 

8.0. 

mtr.net 

35-0.... 
0 

30 
30 

Cable  out  45  me- 

«», mtr.net 

GB    bot.;    NZ; 

R;  Tycos. 
vert,  net 

ters,  angle  30'. 

130-0... 

mtr.  net 

80-0.... 
0 

30 
35 

Cable  out  100  me* 

125 

0 
20 

33.26 

32.80 
3144 

aao.mtr.net 

GB    bot.;    NZ; 
,Tyco8. 
clag.net 

ters,  angle  30^ 

Alkalinity:  Surf., 

Operation  of  net 
prevented     by 
seaweed. 

125 

0 

80-0.... 

30 

35 
30 

#20,  mtr.  net 

mtr.net 

150 
210 

0 
20 
40 
70 

0 
15 
35 
05 
145 
105 
225 

0 
20 
40 

33.89 
34.22 

3i!oo 

32.38 
32.56 

32.40 
32.60 
32.87 
33.55 
33.08 
34.06 
34.00 

32.80 
32.04 
33.03 

Cable  out  125  me- 

GB   bot.;    NZ; 

R;  Tycos. 
vert.net 

ters,  angle  40- 
AlkaUnity:  Surf., 

70-0.... 

7.9. 

mtr.net 

40-0.... 
0 

30 
30 

Cable  out  50  me- 

(W, mtr.  net 

OB    bot.;    NZ; 

R;  Tycos. 
vert.net 

ters,  angle  30- 
40-. 

Alkalinity:  Surf., 
7.9. 

225-0... 

clsg.  net,  open... 
mtr.net 

115-0... 

50-0. . . . 
0 

30 

30 
30 

Open  haul,  cable 
out  175  meters, 
angle  45*. 

Cable  out  75  me- 

<«0,mtr,net  

GB    bot.;    NZ; 

R;  Tycos. 
vert,  net 

ters,  angle  45% 

150-0... 

1 

mtr.net 

105-0... 
0 

30 
30 

Cable  out  130  me* 

140 
0 

33.78 
32.36 

^,  mtr.  net 

OB    bot.;    NZ; 
Tycos. 

ters,  angle  35'. 

60  0. . . . 

40 
60 

0 
20 
40 
00 

0 
15 
45 

0 
20 
35 
05 
125 

32.56 
32.56 

32.74 
32.72 
32.70 
32.70 

32.32 
32.34 
32.38 

32.43 
32.42 
82.77 
32.88 
32.84 

mtr.  net 

35-0.... 
0 

30 
30 

it20,  mtr.  net 

GB    bot.;    NZ; 

R;  Tycos. 
vert,  net 

Alkalinity:  Surf., 
7.0. 

90-0. . . . 



mtr.net 

60-0.... 
0 



30 

Cable  out  60  me- 

#20  

GB    bot.;    NZ; 

R;  Tycos. 
vert.net 

30 



ters,  angle  25*. 
Surf.  mtr.  net  car- 

ried away. 
Alkalinity:  Surf., 
7.0. 

45-0. . . . 

mtr.net 

25-0.... 
0 

30 
30 

Cable  out  30  me- 

^,  Helgo.net.. 
GB    bot.;   NZ; 
R;  Tycos. 

vert.net 

mtr.net 

, 

ters,  angle  40"* 

1 

125-0... 

1 

50-0.... 
0 

30 
30 

1 

Cable  out  75  me- 

#20, Helgo.net... 

, 

ters,  angle  40". 
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station  I 
num-  ! 
ber. 


Bearings. 


LatUude  y.,  Ijmgitude  W. 
C20106       42  39  00   66  01  00 


C20107 


caoios 


C2D109 


C20110 


C20113 


C20114 


42  10  00   66  02  00 


41  67  00   66  06  00 


41  17  00   66  09  00 


41  38  00   66  26  00 


C20111  I      41  58  30   66  43  00 


020112      42  22  00   67  02  00 


42  63  00   67  37  00 


42  40  30   68  40  00 


C20115       42  37  00   69  32  30 


1100 


B.O. 


941 


941 


941 


941 


c.a. 

1106 


1106 


1100 


42  28  00   69  17  00         1106 


1106 


Apr.  16   4.36  a.  m.     240 
to    , 
5.56  a.  Til.  ! 


.do... 


.do 


...do 


Apr.  17 


...do 


...do 

...do 

Apr.  18 
Apr.  18 


8.50  a.  m. 

to 
9.40  a.  m. 


5.00  p.m. 

to 
5.55  p.m. 


8.30  p.  m. 

to 
9.40  p.m. 


1.15  a.m. 

to 
2.30  a.m. 


130 


150 


80 


Chararterof 
bottom. 


5.35  a.m.    290 

to    I 
7.35  a.m. 


1.00  p.m. 

to 
2.30  p.m. 


8.05  p.m. 

to 
9.30  p.m. 


1.00  a.m. 


3.40  a.  m. 

to 
5.18  a.m. 


180 


290 
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SoiTH  FROM  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


Tempentaie. 

Salinity. 

ApiMratus. 

Trial. 

Drift. 

Water. 

i 

>. 

i 

i 

Min. 

L 

3fi. 

Remarks. 

^ 
< 

1 

1 

•c. 

7.2 

0 

ao 

40 
80 

0 
20 
40 
100 
170 
240 
0 
20 
fiO 
130 

0 
20 
40 
100 
IfiO 

0 
20 
40 
80 

0 
20 
40 
70 

0 
20 
40 
100 
175 

225 

290 

0 
20 
40 
100 
166 
230 

0 
20 
40 
100 
176 

•c. 

8.61 
3.40 
3.86 
3.32 

3.33 
3.10 
3.21 
5.86 
7.46 
6.07 
4.17 
3.62 
3.06 
3.75 

4.17 
8.63 
3.54 
4.22 
6.47 

3.80 
8.54 
3.42 
3.60 

4.17 
3.62 
3.76 
3.76 

3.61 
3.39 
3.28 
3.15 
5.28 
5.17 
4.72 
4.60 
4.70 
4.73 
3.33 
2,88 
2.93 
4.32 
5.16 
6.16 

3.33 
3.28 
2.91 
4.12 
4.96 

M. 

0 
20 
40 
80 

0 
20 
40 
100 
170 
240 
0 
20 
50 
130 

0 
20 
40 
100 
150 

0 
20 
40 
80 

0 
20 
40 
70 

0 
20 
40 

100 
175 

225 

290 

0 

20 

40 

100 

165 

230 

0 
20 
40 
100 
175 

32.72 
32.74 

32.73 
32.76 

32.34 
32.34 
32.56 
33.86 
34.50 
34.60 
32.58 
32.69 
32.60 
33.06 

32.65 
32.66 
32.66 
33.46 
34.62 

32.67 
3?.  70 
33.60 
32.70 

32.60 
32.61 
32.61 
32.64 

32.54 
32.52 
32.56 
32.86 
34.56 

34.70 

34.70 

32.50 
32.47 
32.48 
33.51 
34.23 
34.43 

32.41 
32.45 
32.43 
33.19 
34.18 

QB    bot.;    NZ: 

R;  Tycos. 
vert.net 

3/. 

80  0.... 

mtr.net 

40-0.... 
0 

30 
30 

Cable  out  50  me- 

mHelgo.net... 
QB    bot.;    NZ; 

R;  Tycos. 
vert.net 

K9 

Alkalinity:  Surf., 

1 

240-0. . . 

7.9. 

mtr.net 

135-0... 
0 

30 
30 

Cable  out  200  me- 

1 

^    bcf.°*^NZ;* 
Tyooe. 

vert,  net 

ters,  angle  50*. 

10. « 

Alkalinity;  Surf, 
and  130  meters, 
7.9.  Sea  too 
rough  for  mtr. 
net. 

135-0... 

log,  Helgo.net... 
m   bot.;   NZ; 
TyooB. 

vert.net 

0 

30 

10.0 

Alkalinity:   Surf. 

1 

i 

155-0... 

and  150  meters, 
7.9.  Sea  too 
rough  for  mtr. 
net. 

i 

it20;  HeIgo.net.. 
OB    bot.;  NZ; 
Tycos. 
vert.net 

0 

20 

10.0 

80-0 

mtr,  i^et--  -,.,.., 

66-0.... 
0 

30 
30 

Cable  out  70  me- 

. 

#20;  Helgo.net.. 
OB   bot.;  NZ; 

ters,  angle  35^ 

7.8 

Tycos. 
vert.net 

65  0.     . 

mtr.  net 

40-0.... 
0 

30 
30 

Cable  out  50  me- 

^; Helgo.net.. 
OBbot.;NZ;R; 

Tycos. 
vert,  net 

ters,  angle  40". 

4.4 

Alkalinity:  Surf., 

i 

290-0...        

1 

7.9. 

7.2 

mtr.  net 

200-0... 
105-0... 
0 

30 
30 
30 

Cable  out  250  me- 

clsg. net,  open... 
#20;Helgo.nct.. 

GBbot.;NZ;R; 

Tycos. 
vert,  net     

ters,  angle  40'. 
Cable  out  125  me- 

ters, angle  40". 

Alkalinity:  Surf. 

230-0 

7.9. 

' 

mtr.  net 

130-0... 
60-0.... 
0 

30 
30 
25 

Cable  out  175  me- 

clsg. net,  open... 

Hao;  Helgo.net.. 
aBbot.;NZ;  R; 

Tycos. 
vert,  net 

ters,  angle  40*. 
Cable  out  75  me- 

ters, angle  40*. 

fi.7 

:::::::::;::i: :::: 

175-0. . . 

mtr.  net 

125-0... 

0 

0 

25 

25 
20 

Cable  out  150  me- 

' 

#20;  Helgo.net.. 
Helgo.net 

OBbot.;NZ;R; 

Tycos. 
vert,  net 

ters,  angle  40*. 

i 

5.6 

0 
20 
40 
100 
150 
200 
290 

3.61 
8.33 
8.20 
3.02 
6.38 
6.36 
4.98 

0 
20 
40 
100 
150 
200 
290 

32.45 
32.48 
32.47 
32.80 
33.60 
33.93 
34.34 

nies  ledce,  ship 
slowed  dewn,  20 
min.  toow. 

295-0... 

Angle  10*. 

mtr,  net 

200-0... 
0 

30 
80 

Cable  ru;  250  me- 

#20 Helgo.net... 

ters,  angle  35*. 

1 
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Dredging  and  IIydrographic  Records  Secured  During  Atlantic  Cruibes, 


StaUon 
num- 
ber. 

Bearings. 

Chart. 

Date. 

Time  of 
day. 

Depth. 

1 

Chaiactcrof     ' 
bottom. 

t 

1 

C20116 

LatUude  N.,  LortfUude  W, 
420800       603800 

C,S. 
1106 

1920. 
Apr.  18 

9.55  a.m. 

to 
11.10  a.m. 

Atden. 
200 

' 

1 

C20117 

420830       005800 

1106 

...do 

1.00  p.m. 

to 
1.55  p.m. 

89 

1 

caoii8 

41  61  00       70  18  00 

1208 

Apr.  20 

10.50  a.m. 

to 
12.00     m. 

28 

C20119 

42  18  00       70  28  00 

1106 

...do 

8.20  p.m. 

to 
0.80  p.m. 

00 

caoi20 

42  27  00       70  25  00 

H.O. 
041 

May    4 

0.20  a.m. 

to 
2.25  p.m. 

7&-50 

; 

C2Q121 

42  27  00       70  25  00 

041 

...do 

7.30  p.  m. 

to 
9.25  p.m. 

60 

C20I22 

43  40  00       70  37  00 

041 

May  7-8 

0.50  p.m. 

to 
2.10  a.m. 

85 

1 

G20123 

42  27  30       70  43  00 

as. 

1107 

May  16 

10.20  a.m. 

to 
11.20  a.m. 

65 
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DREDGING  AND  HYDROGRAPHIC  RECORDS  171 

South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920-   Contiiiued. 


Temperature. 

Salinity. 

Apparatus. 

Trial. 

Drift. 

< 

Water. 

1 

1 

£ 

1 

i 

i 

Remarks. 

1 

1 

1  *C. 
12.8 

laft 

7.8 

0 

ao 

40 
100 
106 

0 
20 
40 
85 

0 
15 
28 

0 
20 
40 
90 

0 
5 
10 
15 
20 
30 
50 
70 

0 
30 
60 

0 
5 
10 
15 
20 
35 
50 
65 
85 

0 
20 
55 

•c. 

3.61 
3.60 
3.13 
3.42 
4.25 

3.61 
3.13 
3.00 
3.24 

4.44 

3.76 
3.46 

3.61 

2.87 
1.58 
1.78 

6.30 
6.12 
5.88 
5.90 
4.67 
4.52 
3.96 
2.72 

5.56 
3.92 
2.39 

7.22 
6.54 
5.61 
4.42 
4.18 
3.10 
3.13 
2.43 
2.30 

&89 
4.88 
2.85 

0 
20 
40 
100 
195 

0 
20 

n 

0 
15 

28 

0 
20 
40 
90 

0 
6 
10 
15 
20 
30 
50 

32.14 
32.14 
32.16 
32.79 
33.91 

31.87 
31.86 
32.06 
32.78 

31.55 
31.58 
31.50 

31.43 
31.56 
32.03 
82.20 

29.16 
29.11 
29.17 
29.18 
29.56 
31.13 
31.36 

GB  bot.;NZ;R; 

Tycos. 
yert.net 

M. 

mn. 

Mi, 

Alkalinity:  Surf., 

200-0... 

8;195meters,7.9. 

mtr.net 

125-0... 
0 

25 
20 

Cable  out  150  me- 

1(20. M 

ters,  angle  40^ 

GBbot.;NZ;R; 
Tycos. 
vert.net 

Alkalinity:  Surf., 
8.0. 

85-0 

mtr.net 

40^.... 
0 

25 
25 

Cable  out  50  me- 

1120, M 

ters,  angle  35*. 

GBbot.;NZ;R; 

Tycos. 
mtr.  net 

Alkalinity:  Surf. 

15-0.... 
0 

30 
30 

8.06. 
Cable  out  20  me- 

1120, M 

ters,  angle  35*. 

(5BfK)t.;NZ;R; 

Tycos. 
vert,  net 

90-0--..' 

mtr.  net 

40-0.-.- 
0 

30 
25 

Cable  out  50  me- 

tao.M  

ters,  angle  40°. 

GB  bot.;NZ;R; 
Tycos. 

vert,  net....." 

Owing    to    wind 

4S-0.... 

and  strong  cur- 
rent ship  (&if  ted 
into  shoal  water 
several  times. 
At  this  station  ex- 
periments were 
made  on  flota- 

0 
30 
60 

0 
6 
10 
16 
20 

29.08 
30.99 
32.24 

28.26 
2&45 
30.69 
31.17 
31.24 

tion  of  haddock 
eggs. 

mtr.  net 

40-0.-.. 

25 

15-10... 
0 

30 
30 
30 
35 

Cable  out  45  m^ 

c\8g.  net 

ters,  angle  40*. 
Cable  out  30  me- 

; 

clsg.net 

ters,  angle  40*. 
Cable  out  15  me- 

Ss'^bcit.V'NzV 

Tycos. 

vert.net 

mtr.net 

clsg.net 

ters,  angle  10*. 

7.8 

Alkalinity:   Surf. 

55-0 1-- 

and  60  meters, 
8.15. 

33-0.... 

17 

0 

10-6.... 

30 

30 

30 
30 

Cable  out  40  me- 

1 

ters,  angle  35*. 
Cable  out  20  me- 

1120.  W 

ters,  angle  35*. 

dsg.  net 

Cable  out  15  me- 

12.8 

GB  bot.;NZ;R; 
Tycos. 

vert.net 

ters. 
.Mkalinity:  Surf., 

iao.0 

95-0 

8.15;  85  meters, 
7.9. 

mtr  n<^ 

65-0.... 

33-26... 

0 

20 

botm... 

30 

30 

30 
30 

60 

''v\'.'.'^\y"-- 

Cable  out  80  me- 

cisg. net 

ters,  angle  35- 
Cable  out  40  me- 

50 
65 

85 

0 
20 
55 

32.17 
32.25 
32.38 

29.94 
3a  72 
32.18 

It20  1»            .   ... 

ten,  angle  35- 

SSg.net::::::::: 

Cable  out  20  me- 

SO'cod 

ters,  angle  20*. 
Cable  out  270  me- 

GB   bot.;   NZ; 
Tycos. 

vert.net 

ters.    Most    of 
bag     carried 

AlkaUnity:  Surf., 

1 
1 

55-0.... 

8.0;  55  meters, 
7.9. 

1 

#20 

0 

20 
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SUtkn 

BMrings. 

Chart.      1    Date 

1 

Time  of 
day. 

Depth. 

1 

Cliaracterof 
bottom. 

C20124 

42  28  60       .0  18  00 

C.S. 
1107 

1990. 
liay  16 

1.66  p.  m. 

to 
4.26  p.  m. 

Meters. 

100 

caoi25 

42  00  00       09  41  00 

1 

1107  [...do 

1 

1).60  p.  m. 

to 
11.00  p.m. 

140 

C20128 

418880       002200 

1107  1  May   17 

2.20  a.m. 

to 
3.40  a.m. 

lao 

C20127 

41  90  00       00  06  80 

1107 

...do 

6.15  a.m. 

to 
7.40  a.m. 

145 

1 

C20128 

408400       680280 

1107 

May  17 

1.30  p.m. 

to 
4.20  p.  m. 

70 

C20129 

400600       090880 

1107 

...do 

7.30  p.  m. 

to 
9.00  p.  m. 

170 

C20130 

37  60  00       74  06  00 

1109 

May  19 

6.60  a.  m. 

180 

1 

to 
7.40  a.m. 

1 
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South  from  Norfolk,  1019,  and  North  from  Norfolk,  1920 — Continued. 


Temperature. 

Salinity. 

Apparati». 

Trial.         [          Drtft. 

i 

Water. 

1 

6 

1 

1 

s 

1 

1 

Rmarks. 

1 

1 

•r. 

18.9 

M. 

0 
20 
40 
100 

•c. 

9.72 
5.12 
2.80 
2.65 

M. 

0 
20 
40 
100 

0 
20 
40 
100 
140 

0 
20 
40 
100 
160 

0 
20 

29.87 
30.77 
32.07 
32.45 

GB    bot.;    NZ; 

M. 

Min. 

Mi. 

Alkalinity:  Surf., 
7.9;  100  meters, 
7.9. 

Cable  out  270  me- 
ters, no  catch. 

Cable  out  llO  me- 
ters, angle  50^ 
Cable  out  60  me- 

R; Tyc508. 

75'fldr.trl 

vert  net  

l>otm... 
100-9... 

75 

mtr  net 

72-0.... 

40 

0 

20 
20 
20 

12.8 
12.8 
12.8 
14.4 

12.2 

15.6 

0 

20 

40 

100 

140 

9.17 
5.73 
3.78 
3.68 
1.04 

clsK  net 

t20'  JW               .   . 

ters,  angle  50". 
Meter  haul  full  of 

30.25 
32.07 
32.34 
32.92 
33.21 

31.53 
32.18 
32.54 
32.81 
33.49 

31.89 
32.24 

OB    bot.;    NZ; 
R;  Tycos. 

vert  not         . 

sand  and  navel; 
notsavedT 
Alkalinltv:    Surf, 
and  140  meters, 
7.9. 

140-0. 

Mfi                    

lOO-O... 
50^).... 
0 

20 
20 
20 

Cable  out  120  me- 

ckg.net, open... 

it20:  mtr.  net 

GB    bot;    NZ; 
R;  Tycos. 

vort  net 

ters,  angle  35*. 
Cable  out  60  me- 

n '  fi  11 

ters,  angle  35^ 

Alkalinitv:    Surf. 

20 

40 
100 
160      ,.-v 

5.90 
4.30 
3.60 

A  in 

155-0... 

and  160  meters, 
7.9. 

4M            

115-0... 
55-0.... 
0 

20 
20 
15 

Cable  out  140  me- 

clsg-not,  open.... 

Hao;  mtr.net 

GB    bot.;    NZ; 
R;  Tycos. 

ters,  angle  35*. 
Cable  out  70  me- 

0 
20 
40 
100 
145 

0 
20 
40 
70 

7.22 
5.75 
4.10 
3.80 
3.80 

7.78 
5.55 
5.40 
5.04 

ters,  angle  35*. 

Alkalinity:    Surf, 
and  145  meters, 
7.9. 

145-0... 

100 
145 

0 
20 
40 
70 

0 
10 
30 

90 
160 

0 
20 
40 
100 

32.88 
32.98 

32.48 
32.47 
32.49 
32.50 

32.61 
32.61 
32.74 

33.84 
34.72 

33.17 
33.55 
34.04 
34.59 

m           

105-0... 
54-0.... 
0 

15 
15 
15 

Cable  out  130  me- 

clag.net, open... 

HaO;  mtr.net 

GB    bot.;    NZ; 
R;  Tycos. 

75'  fldr          

ters,  angle  25*. 
Cable  out  65  me- 

ters, angle  25*. 

Alkalinity:    Surf. 

botm... 
70-0.... 

90 

7.9;    70  meters. 
8.1. 
Cable  out  270  me- 

vert net    

ters;  no  catch. 

4R 

40-0.... 
20^.... 
0 

15 
15 
15 

Cable  out  50  me- 

clsg. net,  open... 

PO;  mtr.  net 

GB    bot.;    NZ; 
Tycos. 

vert  net 

ters,  angle  15*. 
Cable  out  25  me- 

1 
n    7  7fi 

ters,  anjrle  15*. 

Alkalinity:    Surf. 

and  160  meters, 

7.9. 
Drifted  into  shoal- 

10 
30 

90 
160 

0 
20 
40 
100 

180 

7:56 
5.28 
5.33 
7.32 
8.28 

12.22 
9.75 
9.82 
9.48 
9.11 

160-0.  . 

m               

100-0... 
50-0.... 
0 

15 
15 
15 

er  water  before 
bottles  were 
sent  down. 
Cable  out  150  me- 

clsg. net,  open... 

«20;mtr.net 

GB    bot.;    NZ; 

Tycos. 
vert  net    .  . 

ters,  angle  40*. 
Cable  out  75  me- 

ters, angle  40*. 

Alkalinity:    Surf. 

180-0... 
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Surface  TEMPERATtiRES  Taken  While  Under  Way  During  Atlantic  Cruises, 
South  prom  Norfolk,  1919,  and  North  prom  Norfolk,  1920. 


Date. 

Hour. 

Latitude. 

Longitadc. 

Temperature  (•€.). 

Stations 
between 

Air. 

Surface. 

whidi 
taken. 

1919. 
Oct.  30 

.     ,      ,. 

•    ^      „ 

caoooi. 

6.30  p.  m. 
6.00  p.m. 
6.30  p.  m. 
7.00  p.  m. 
7.30  p.  m. 

36    49    00 
36    48    00 
36    48    00 
36    48    00 
36    47    00 

75    31    00 
75    25    30 
75    21    00 
75    16    00 
75    11    00 

19.7 
21.1 
19.2 
17.8 
17.8 

20.0 

19.4 

caooo2. 

10.00  p.m. 
10.30  p.  m. 
11.00  p.m. 
11.30  p.m. 

36    46    00 
36    46    00 
86    45    00 
36    45    40 

75    01    05 
74    56    00 
74    51    00 
74    45    00 

19.4 

17.2 
17.8 
17.2 
17.8 

18.9 

Oct.   31 

C200Q3. 

2.00  a.  m. 

36    43    00 

74    38    00 

19.4 

17.8 

C2O0O4. 

6.30  a.  m. 
7.00  a.m. 
7.30  a.  m. 

36    38    30 
86    37    00 
36    35    30 

74    29    00 
74    26    00 
74    23    aO 

18.6 
18.6 
18.9 

2ao 

caooos. 

6.00  p.m. 

6.30  p.  m. 

7.00  p.  m. 

7.30  p.m. 

8.00  p.m. 

8.30  p.  m. 

9.00  p.  m. 

9.30  p.m. 
10.00  p.  m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m, 
12.30  a.m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.  m. 

2.30  a.  m. 

3.00  a.m. 

3.30  a.  m. 

4.00  a.  m. 

4.30  a.  m. 

5.00  a.  m. 

5.30  a.m. 

6.00  a.  m. 

6.30  a.  m. 

7.00  a.m. 

7.30  a.m. 

8.00  a.m. 

8.30  a.  m. 

9.00  a.m. 

9.30  a.  m. 

36    35    00 
36    32    30 
36    30    00 
36    28    00 
36    25    30 
36    23    00 
36    20    30 
36    18    00 
36    16    00 
36    13    00 
36    11    00 
36    06    00 
36    06    00 
36    03    00 
36    01    00 
35    50    00 
35    56    30 
35    53    30 
35    49    00 
35    44    00 
45    40    00 
35    36    00 
35    32    00 
35    28    00 
35    25    00 
35    21    00 
35    17    00 
35    14    00 
35    12    00 
35    09    00 
35    07    00 
35    04    30 

74    25    00 
74    29    00 
74    37    00 
74    35    30 
74    39    00 
74    43    00 
74    46    30 
74    50    00 
74    53    00 

74  57    00 

75  01    00 
75    04    30 
75    06    00 
75    11    30 
75    15    00 
75    18    30 
75    22    00 
75    23    00 
75    21    00 
75    19    06 
75    11    00 
75    09    00 
75    06    30 

75  16    00 

76  16    00 
75    14    00 
75    12    00 
75    12    30 
75    13    30 
75    14    30 
75    15    00 
75    16    30 

21.7 

19.4 
19.4 
18.9 
19.4 
18.9 
19.4 
18.0 
I8L3 
18.9 
19.4 
19.4 
19.7 
20.6 
20.6 
20.6 
20.0 
20.3 
20.6 
21.1 
2L1 
21.1 
2L1 
21.1 
2L1 
2L1 
21.7 
22L2 
27.8 
25.0 
23.8 
23.0 
23.3 

21.1 

2L1 

21.1 

21.1 

2L1 

Nov.    1 

20.6 

15.6 

18.3 

21.1 

21.1 

22.2 

22.2 

22.8 

23.3 



26.7 

C20006. 

11.30  a.m. 
12.00  m. 

35    03    00 
35    02    00 

75    16    30 
75    15    00 

24.2 
23.9 

26.1 

C20007. 

3.30  p.m. 
4.00  p.m. 
4.30  p.m. 
5.00  p.  m. 
5.30  p.  m. 
6.00  p.m. 
6.30  p.  m. 
7.00  p.  m. 

35    00    00 
34    50    30 
34    59    00 
34    58    00 
34    57    00 
34    56    00 
34    56    00 
34    55    00 

75  13    30 

76  12    20 
75    11    30 
75    10    30 
75    10    00 
75    00    00 
75    06    00 
75    07    00 

27.0 
27.0 

s? 

26.7 

26.1 

27.8 

28.7 

20008. 

11.30  p.m. 
12.00  m. 
12.30  a.m. 

1.00  a.  m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.  m. 

3.00  a.  m. 

3.30  a.  m. 

4.00  a.  m. 

34  59    00  ,  75    03    0() 

35  00    00  I  75    04    00 
35    00    00  I  75    05    20 
35    00    30     75    07    00 
85    01    00  '  75    08    00 

37.6 
26.1 
26.7 
26.6 
29^0 
2&S 
210 
26.6 

Nov.    2 

26.1 

26.7 

35    01    00 
85    02    00 

35  02    00 

36  03    00 
35    03    00 

75    09    00 
75    10    U) 

75  11    30 

76  13    00 
75    14    00 

27.0 

27.0 

27.6 
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Surface  Tbmpbratures  Taken  While  Under  Way  During  Atlantic  Cruises, 
SotJTH  FROM  Norfolk,  1919,  and  North  prom  Norfolk,  1920— Continued. 


Dste. 


Hour. 


Latitude. 


Longitude. 


Temperature  (*C.). 


Air. 


Surfai-e. 


Stations 

between 

which 

taken. 


Nw-.  2 


Nor. 


4.30  a.  m. 

5.00  a.  m. 

5.30  a.  m. 

6.00  a.  m. 

6.30  a.  m. 

7.00  a.  m. 

7.30  a.  m. 

8.00  a.  m. 

8.30  a.  m. 

9.00  a.  m. 

9.30  a.  m. 
10.00  a.  m. 
10.30  a.  m. 
11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.m. 

1.00  p.m. 

1.30  p.m. 

2.00  p.m. 

2.30  p.m. 

3.00  p.m. 

3.30  p.m. 

4.00  p.m. 

4.30  p.m. 

5.00  p.m. 

5.30  p.m. 

6.00  p.m. 

6.30  p.m. 

7.00  p.m. 

7.30  p.m. 

8.00  p.m. 

8.30  p.m. 

0.00  p.m. 

9.30  p.m. 
10.00  p.m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m. 
12.30  a.m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.m. 

3.00  a.m. 

3.30  a.  m. 

4.00  a.m. 

4.30  a.  m. 

5.00  a.  m. 

5.30  a.m. 

6.00  a.  m. 

6.30  a.m. 

7.00  a.m. 

7.30  a.m. 

8.00  a.  m. 

8.30  a.m. 

0.00  a.  m. 

9.30  a.  m. 
10.00  a.  m. 
10.30  a.m. 
11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.m. 

1.00  p.  m. 

1.30  p.m. 

2.00  p.m. 

2.30  p.m. 

3.00  p.m. 

3.30  p.m. 

4.00  p.m. 

4.30  p.m. 


34 


75  25 

75  26 

75  29 

75  32 

75  35 

75  38 

75  41 

75  44 

75  47 

75  49 

75  52 

75  56 

75  58 

76  01 

75  04 

76  06 
76  10 
76  13 
76  16 
76  19 
76  22 
76  25 
76  28 
76  31 
76  84 
76  38 
76  42 
76  45 
76  48 
76  52 
76  56 

76  59 

77  03 
77  06 
77  10 
77  13 
77  17 
77  20 
77  24 
77  27 
77  32 
77  37 
77  43 
77  48 
77  53 

77  57 

78  03 
78  08 
78  13 
78  18 
78  23 
78  28 
78  33 
78  37 
78  43 
78  47 


78 

52 

78 

57 

79 

03 

79 

08 

79 

13 

79 

17 

79 

23 

79 

28 

79 

33 

79 

39 

27.0 


27.0 


27.0 


23.9 
"24.'4 
"23.'9 
'23.9 
'23.'9 

22.' 2 

"2i."i 
"2i."i 

'26.6 

"26. 6 

'26.0 
'26.0 
'26.6 
26.' 6 
'26.6 

'26. 6 
26. 6 

"i9.'4 

"i9."4 
'26.0 
26.' 6 
'26*6 
"26.0 
"26."  6 

ii'i 

"2Li 

ii.i 
*2i.'i 
21.' i 

'22.'2 
'22.' 2 
'22.8 
'22."8 


25.3 
25.6 
25.6 
25.3 
25.6 
25.8 
25.0 
25.0 
24.7 
25.0 
28.7 
26.7 
26.7 
26.7 
26.7 
2R.7 
26.9 
26.7 
26.7 
28.7 
26.7 
25.8 
26.1 
26.1 
25.8 
25.3 
25.6 
24.4 
25.0 
25.3 
25.6 
23.3 
24.4 
25.3 
24.7 
24.4 
23.9 
23.6 
23.3 
22.2 
22.8 
22.5 
25.6 
23.0 
23.3 
22.8 
23.0 
22.8 
24.4 
23.3 
24.4 
24.7 
24.7 
24.4 
24.7 
25.0 
24.7 
25.3 
25.0 
24.4 
25.7 
25.3 
25.0 
25.0 
2.->.3 
24.4 
24.4 
24.7 
24.7 
25.0 
24.7 
24.7 
24.7 


«  Standing  on  and  off  Diamond  Shoal  (Cape  Hatteras). 
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Surface  Temperatures  Taken  While  Under  Way  During  Atlantic  Cruises, 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Oontinued. 


Date. 


Nov.  3. 


1919. 


Nov.    4. 


Nov.    9. 


Nov.  10. 


Hoar. 


.■).00  p.  m. 

5.30  p.  m. 

6.00  p.m. 

6.30  p.m. 

7.00  p.  m. 

7.30  p.m. 

8.00  p.  m. 

8.30  p.m. 

9.00  p.m. 

9.30  p.m. 
10.00  p.m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m. 
12.30  a.  m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.  m. 

2.30  a.m. 

3.00  a.m. 

3.30  a.m. 

4.00  a.m. 

4.30  a.m. 

5.00  a.  m. 

5.30  a.  m. 

6.00  a.m. 

6.30  a.  m. 

7.00  a.  m. 

7.30  a.m. 

8.00  a.  m. 

8.30  a.m. 

9.00  a.m. 

9.30  a.  m. 
10.00  a.m. 
10.30  a.m. 
11.00  a.m. 
11.30  a.m. 

2.00  p.m. 

2.30  p.m. 

3.00  p.m. 

3.30  p.m. 

4.00  p.  m. 

4.30  p.m. 

6.00  p.m. 

"6.30  p.^ 

7.00  p.  m. 
■  7.30  p.m. 

8.00  p.m. 

8.30  p.m. 

9.00  p.m. 

9.30  p.m. 
10.00  p.m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m. 
12.30  a.  m. 

1.00  a.  m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.  m. 

3.00  a.  m. 

3.30  a.m. 

4.00  a.m. 

4.30  a.m. 

6.00  a.  m. 

5.30  a.  m. 

6.00  a.  m. 

6.30  a.  m. 

7.00  a.  m. 

7.30  a.  m. 

8.00  a.  m. 

8.30  a.  m. 

9.00  a.  m. 


Latitude. 


32  35  30 

32  33  30 

32  30  00 

32  27  30 

32  23  00 

32  20  00 

32  17  00 

32  14  00 

10  30 

__  07  30 

32  04  30 

__  01  00 

31  57  00 

31  53  00 

31  50  00 

46  30 

43  00 

40  00 

_.  36  00 

31  32  30 

31  28  30 

31  25  00 

31  21  30 

18  00 

14  00 

__  09  .30 

31  07  00 

31  03  00 

31  00  00 

30  56  00 

30  52  00 

_  J  47  00 

30  44  30 

30  40  30 

30  36  00 

30  32  30 

30  29  00 

30  25  00 

30  22  30 

30  18  30 

30  14  30 

30  11  00 

80  07  30 

80  04  00 

30  00  00 


29  49  00 

29  45  30 

29  42  00 

29  38  30 

29  34  30 

29  81  30 

29  28  30 

29  25  80 

29  22  30 

29  19  80 

29  16  00 

29  12  30 

29  09  00 

29  05  00 

29  01  00 

28  68  00 

28  54  00 

28  50  30 

28  47  30 

28  44  00 

28  40  30 

28  36  30 

28  33  00 

28  30  00 

28  26  00 

28  23  00 

28  19  00 

28  15  00 

28  11  00 

28  07  00 


Longitude. 


Temperature  i*CX 


Air. 


79  44 

79  48 

79  51 

79  55 

79  69 

80  03 
80  07 
80  11 
80  15 
80  19 
80  23 
80  25 
80  29 


80  34 

80  37 

80  39 

80  42 

80  44 

80  47 

80  49 

80  51 

80  54 

80  56 

80  59 

81  02 
81  04 
81  07 
81  08 
81  09 
81  11 
81  12 
81  13 
81  15 
81  17 
81  18 
81  21 
81  21  30 


81  16 
81  13 
81  12 


81  06 

81  04 

81  01 

80  59 

80  67 

80  65 

80  53 

80  51 

80  49 

80  47 

80  46 

80  43 

80  41 

80  39 

80  36 

80  34 

80  32 

80  80 

80  27 

80  25 

80  23 

80  21 

80  19 

80  18 

80  18 


22.2 


22.2 
*22.*2' 
"2.^.'(V 

2h.l> 

2.^1.' 0 


25.0 
'23.'3 
"22.'8 

22*2 


22.2 
'2i."7 
26.6 
26.' 6 
26.' 6 
21.7 
22."  2 
'22.8 
"23.'3 
'23.9 
'23."3 
*22."8 


22.8 


2:U3 
"23.9' 

'23.9" 
'23.' 9' 
26.7' 
25. '6* 
'25.0' 
'23.' 9" 
22.2" 
'22.8" 
'22.2' 
'22.'3 
'25.' 6 


Surface. 


25.0 
24.4 
24.4 
24.4 
23.9 
24.2 
24.4 
23.9 
24.4 
24.4 
24.7 
24.7 
25.0 
24.7 
24.4 
25.0 
25.0 
25.0 
25.6 
25.0 
25.3 
25.6 
25.3 
25.8 
25.8 
25.8 
26.1 
26.1 
26.1 
26.4 
26.1 
26.1 
25.8 
26.1 
25.6 
26.1 
25.8 
26.7 
24.4 
24.4 
24.4 
25.0 
25.3 
24.2 
24.7 


25.8 
25.3 
25.0 
26.0 
24.7 
25.6 
24.4 
25.0 
26.0 
25.0 
25.3 
25.0 
25.0 
25.0 
25.0 
25.0 
25.0 
25.3 
24.4 
25.0 
24.4 
247 
24.7 
25.3 
25.0 
25.0 
25.3 
25.0 
25.8 
35.8 


Stations 

between 

which 

taken. 


20009. 
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SuKFACE  Temperatures  Taken  While  Under  Way  During  Atlantic  Cruises, 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Continued. 


Date. 

Hour. 

Latitude. 

Lonidtude. 

Temperature  ("C). 

Stations 
between 

Air. 

which 
taken. 

1019. 
Xov.  10 

9.30  a.m. 
10.00  a.m. 
10.30  a.m. 
11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.m. 

l.OOp.m. 

1.30  p.m. 

•  1     // 
28  d3  30 
27  59  00 
27  55  30 
27  51  30 
27  47  80 
27  44  00 
27  40  30 
27  37  30 
27  34  00 

80  14  30 
80  14  00 
80  13  30 
80  13  00 
80  12  30 
80  12  00 
80  11  30 
80  11  00 
80  10  00 

25.3 
2&0 
2&8 
25.3 
25.3 
26.3 
25.0 
26.0 
26.0 

26.1 

26.7 

26.7 

26.1 

20010. 

2.30  p.m. 
3.00  p.  m. 
3.30  p.m. 

27  34  30 
27  34  00 
27  34  00 

80  05  00 
80  00  30 
79  56  00 

2&0 
26,7 
27.8 

27.0 

C20011. 

5.00  p.m. 
5.30  p.m. 
6.00  p.m. 
6.30  p.  m. 

27  36  30 
27  36  00 
27  35  30 
27  86  00 

79  62  30 
79  48  00 
79  43  30 
79  38  30 

27.0 

26.7 
26.0 
26.7 
28.7 

26.7 

C20012. 

9.30  p.m. 
10.00  p.m. 
10.30  p.m. 
11.00p.m. 
11.30  p.m. 
12.00  m. 

27  40  30 
27  89  00 
27  38  00 
27  87  00 
27  36  30 
27  34  30 

79  32  00 
79  28  00 
79  24  30 
79  20  00 
79  16  00 
79  12  00 

26.6 
2&0 

27.5 
27.0 
27.0 
26.7 
26.9 
26.7 

26.0 

• 

Xov  11 

25.0 

20013. 

2.30  a.m. 

3.00a.m. 

3.30  a.m. 

4.00  a.m. 

4.30  a.m. 

5.00a.m. 

5.30  a.m. 

6.00  a.m. 

6.30  a.m. 

7.00  a.m. 

7.30  a.m. 

8.00  a.m. 

8.30  a.m. 

9.00  a.m. 

9.30  a.m. 
10.00  a.m. 
10.30  a.m. 
11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.  m. 

l.OOp.m. 

1.30  p.m. 

2.00  p.m. 

2.30  p.m. 

3,00  p.m. 

3.30  p.m. 

4.00  p.m. 

4.30  p.m. 

5.00  p.m. 

5.30  p.  m. 

6.00  p.m. 

27  34  00 
27  32  00 
27  29  00 
27  27  00 
27  24  00 
27  21  30 
27  19  00 
27  16  30 
27  13  30 
27  12  00 
27  09  00 
27  06  00 
27  08  30 
27  00  00 
26  56  30 
26  52  00 
26  47  30 
26  43  00 
26  39  30 
26  35  00 
26  31  00 
26  26  30 
26  22  30 
26  18  30 
26  16  00 
26  11  00 
26  07  00 
26  02  00 
25  57  30 
25  53  00 
25  49  00 
25  44  30 

79  15  30 
79  19  00 
79  22  30 
79  26  00 
79  29  30 
79  33  00 
79  36  00 
79  39  30 
79  43  00 
79  46  00 
79  50  00 
79  53  30 

79  57  00 

80  00  00 
80  01  00 
80  01  30 
80  01  30 
80  01  30 
80  01  30 
80  01  30 
80  02  00 
80  02  00 
80  02  00 
80  02  30 
80  02  30 
80  02  30 
80  03  00 
80  03  00 
80  03  00 
80  03  00 
80  03  00 
80  03  30 

27.6 
27.0 
27.0 
27.0 
26.6 
26.7 
26.7 
26.7 
26.1 
26.7 
28.7 
26.1 
28.1 
25.6 
26.1 
28.7 
28.1 
28.4 
28.1 
28.1 
28.7 
28.7 
26.7 
28.7 
26.4 
26.1 
28.7 
26.4 
26.7 
26.7 
26.1 
26.1 

24.4 

24.4 

25.0 

•   26.8 

26.1 

26.1 

26. 1 

25.6 

25.6 

25.6 

26.1 

26.1 

26.1 

26.7 

26.1 

24.4 

2(X)14. 

C20016. 

10.30  p.m. 
11.00p.m. 
11.30  p.m. 
12.00  m. 

25  36  00 
25  36  00 
25  34  30 
25  34.00 

70  65  00 
79  61  30 
79  48  00 
79  45  00 

26.7 
26.9 
26.7 
27.0 

23.3 

Nov.  12 

'a.z 

C20016. 

3.30  a.m. 
4.00  a.m. 
4.30  a.m. 
5.00  a.m. 

26  39  30 

25  38  00 

26  36  00 
25  36  00 

79  42  00 
79  38  00 
70  34  00 
79  30  00 

26.7 
26.7 
28.9 
28.7 

25.6 

25.0 

C20017. 

8.30  a.m. 

9.00  a.m. 

9.30  a.m. 
10.00  a.m. 
10.30  a.m. 

26  3^  30 
26  30  30 
26  29  00 
26  27  30 
26  25  00 

79  34  00 
79  38  00 
79  40  30 
79  43  30 
79  46  30 

27.8 
27.8 
27.8 
28.0 
27.8 

27.8 

28.3 

S572*— 21 12 
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U.  S.  BUREAU  OF  FISHERIES. 


Surface  Temperatures  Taken  While  Under  Way  During  Atlantic  Cruues 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Gontiiiiied. 


Date. 

Hour. 

Latitude. 

Longitude. 

Temperature  (•C.). 

Btatioiis 
betvecn 

Air. 

Sarfue. 

wliicfa 
taken 

1919. 
Nov.  12 

11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.m. 

1.00  p.m. 

1.30p.m. 

2.00  p.m. 

2.30  p.m. 

3.00  p.m. 

3.30  p.m. 

4.00  p.m. 

4.30p.m. 

6.00  p.m. 

6.30  p.m. 

6.00  p.m. 

6.30p.m. 

7.00  p.m. 

7.30  p.m. 

8.00  p.m. 

8.30  p.m. 

9.00  p.m. 

9.30  p.m. 
10.00  p.m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m. 
12.30  a.m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.m. 

3.00  a.m. 

3.30  a.m. 

4.00  a.m. 

4.30  a.m. 

5.00  a.  m. 

5.30  a.m. 

25    23    30 
25    22    00 
25    20    00 
25    18    00 
25    16    00 
25    14    00 
25    12    00 
25    09    30 
25    06    30 
25    04    00 
25    01    00 
24    58    00 
24    55    30 
24    53    00 
24    50    00 
24    47    30 
24    45    00 
24    42    30 
24    40    00 
24    39    00 
24    38    30 
24    37    00 
24    36    30 
24    35    00 
24    34    30 
24    34    00 
24    33    00 
24    32    00 
24    31    30 
24    30    00 
24    29    00 
24    28    00 
24    29    00 
24    27    30 
24    26    30 
24    26    30 
24    25    00 
24    24    30 

79    50*00 
79    62    30 
79    56    00 

79  59    00 

80  02    00 
80    05    00 
80    09    00 
80    11    30 
80    14    00 
80    16    00 
80    18    30 
80    22    00 
80    25    30 
80    29    00 
80    34    00 
80    38    00 
80    42    00 
80    46    30 
80    50    30 
80    54    00 

80  57    30 

81  01    00 
81    03    00 
81    06    00 
81    09    00 
81    12    00 
81    15    00 
81    18    00 
81    21    00 
81    24    30 
81    2H    00 
81    31    00 
81    34    30 
81    37    00 
81    40    00 
81    44    00 
81    47    30 
81    51    30 

29.4 

27.8 
27.8 
27.5 
27.8 
27.5 
27.0 
26.7 
26.1 
26.1 
26.7 
26.4 
26.4 
2&1 
2&1 
26.7 
26.7 
26.7 
28.7 
26.4 
26.4 
26.4 
26.7 
26.7 
28.7 
26.7 
26.7 
26w9 
26.7 
29.4 
26.7 
26.7 
26.7 

sao 

30.0 

30.0 

a&8 

27.0 

25.6 

25.6 

25.6 

25.6 

25.6 

• 

25.6 

25.6 

Nov.  13 

25.6 

25.0 

25.6 

24.4 

26.7 
26l7  I 

23.3 

26.7 
26.7 

24.4 

26.7' 
26.7 

Nov.  16 

C20018. 

C20019. 
C20Q20. 

C200BI. 

Nov.  15  to  16 

8.30  p.m. 
9.00  p.m. 
9.30  p.m. 

24    19    00 
24    17    30 
24    12    00 

81    57    00 

81  58    00 

82  00    00 

25.0 
24.4 
23.9 

26.1 
25.8 
25.8 

Nov.  16 

1.30a.m. 

24    02    30 

81    59    00 

26.0 

26.7 

6.00  a.  m. 
6.30  a.m. 

23    50    00 
23    47    00 

82    03    30 
82    06    00 

3&0 

27.5 
27.8 

11.00  a.m. 
11.30  p.m. 

23    34    30 
23    31    00 

82    10    00 
82    12    30 

27.0 

28.3 
28.3 

ijibp.m. 

3.00  p.m. 
3.30  p.m. 
4.00  p.m. 
4.30  p.m. 
9.00  a.m. 

23    24    00 
23    21    00 
Xi    18    00 
23    15    30 
23    12    30 
23    12    30 

82    16    00 
82    1«    00 
82    17    00 
82    18    30 
82    20    00 
82    17    00 

28.0 

27.0 

28.0  ' 
28.0 

27.8 

28.0! 
28.0 

Nov.  21 

27.0 

2.30  p.  m. 

3.00  p.m. 

3.30  p.m. 

4.00  p.m. 

4.30  p.m. 

5.00  p.m. 

5.30  p.  m. 

6.00  p.  m. 

6.30  p.  m. 

7.00  p.  m. 

7.30  p.  m. 

8.00  p.m. 

8.30  p.m. 

9.00  p.  m. 

9.30  p.  m. 
10.00  p.  m. 
10.30  p.  m. 

23  .13    00 
23    12    00 
23    11    00 
23    10    00 
23    09    00 
2:J    08    00 
23    08    00 
23    07    00 
23    06    00 
23    05    00 
23    04    00 
23    03    00 
23    02    00 
23    01    00 
23    00    00 
22    59    00 
22    58    00 

82    32    00 
82    36    00 
82    41    00 
82    45    30 
82    50    00 
82    54    00 

82  58    00 

83  03    00 
83    07    00 
83    11    30 
83    15    00 
83    19    00 
S3    22    00 
83    25    00 
83    29    00 
83    32    30 
83    36    00 

26.7 
27.8 
27.8 
27.8 

27.8 
27.0 
27.0 
27.0 
27.5 
27.5 
27.5 

27.8 

27.8 

27.5' 
27.5 

26.1 

26.9 
27.6 
27.5 
27.5 
27.5 
27.0 
27.0 
27.5 

25.6 

26.1 

25.6 

Digitized  by 


Google 


DREDGING  AKD  HYDROGRAPHIO  RECORDS. 


179 


SURVACB  TEUPBRATtTRES  TaKBN  WhILB    UnDEB   WaY   DuRINO    ATLANTIC  CrUISBS, 

South  from  Norfolk,  1919,  and  North  from  Norfolk,  192Q— Continued. 


Date. 

1 
Hour. 

11.00  p.m. 
11.30  p.  m. 
12.00  m. 
12.30  a.m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.m. 

3.00  a.  m. 

3.30  a.m. 

4.00  a.m. 

4.30  a.m. 

5.00  a.m. 

5.30  a.  m. 

6.00  a.m. 

6.30  a.  m. 

7.00  a.m. 

7.30  a.m. 

8.00  a.m. 

8.30  a.  m. 

9.0Oa.m. 

9.30  a.m. 
10.00  a.m. 
10.30  a.m. 
11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.30  p.  m. 

Latitude. 

O     1             It 

22  57  00 
22  56  00 
22  54  30 
22  53  00 
22  52  00 
22  51  30 
22  50  00 
22  49  00 
22  48  00 
22  46  00 
22  45  00 
22  43  30 
22  40  00 
22  37  30 
22  34  00 
22  31  30 
22  28  00 
22  25  00 
22  22  00 
22  19  00 
22  15  30 
22  13  00 
22  09  00 
22  06  00 
22  03  00 
22  00  00 
21  56  30 
21  53  30 

Longitude. 

e    1         II 

•83  39  00 
83  43  00 
83  40  30 
83  50  00 
83  53  00 

83  57  00 

84  00  00 
84  04  00 
84  08  30 
84  13  30 
84  17  .30 
84  22  00 
84  24  00 
84  27  00 
84  30  00 
84  32  00 
84  35  00 
84  37  30 
84  40  30 
84  43  00 
84  46  00 
84  48  00 
84  51  00 
84  54  00 
84  57  00 

84  59  00 

85  02  30 
85  05  00 

Tcmperaturo  ("C). 

SUtious 
betwern 

.Mr. 
25.0 

Surfiwc. 

which 
taken 

1919. 

Nov.  21 

27.0 
27.0 
27.0 
27.0 
27.0 
27.0 
27.5 
27.5 
27.0 
27.0 
26.9 
27.0 
27.0 
27.0 
27.0 
27.6 
26.9 
26.9 
27.0 
27.0 
27.0 
27.5 
26.9 
26.9 
27.0 
26.7 
26.7 
28.4 

Nov.  22 

25.0 

2ti.7 

25.7 

25.6 

26.1 

26.1 

25.6 

25.6 

25.6 

25.6 

25.6 

25.6 

25.6 

C20024. 

7.00  p.  m. 
7.30  p.  m. 
8.30  p.  m. 
9.00  p.m. 
9.30  p.  m. 

21  49  30 
21  48  30 
21  47  00 
21  46  00 
21  45  00 

85  i7  66 
85  21  00 
85  28  30 
85  32  30 
85  30  30 

26.7 

26,7 
27.8 
27.8 
27.8 
27.8 

26.4 
26.1 

Nov.  22  to  23 

C20025. 

Nov.  23 

2.30  a.m. 
3.00  a.  m. 
3.30  a.  m. 
4.00  a.  m. 
4.30  a.  m. 
5.00  a.m. 

21  46  00 
21  43  00 
21  40  30 
21  38  00 
21  36  00 
21  33  00 

85  46  30 
85  50  00 
85  54  00 

85  67  30 

86  01  00 
86  05  00 

27.5 
27.5 
27.5 
27.8 
27.8 
27.8 

25.5 

•   25.0 

24.4 

C20026* 

11.00  a.m. 
11.30  a.m. 
12.00  m. 
12.80  p.  m. 

1.00  p.m. 

1.30  p.m. 

21  40  00 
21  39  30 
21  39  00 
21  38  00 
21  37  00 
21  36  00 

86  is  36 
86  17  30 
86  21  00 
86  24  00 
86  28  00 
86  32  00 

25.0 

26.9 
26.9 
27.0 
27.0 
27.0 
27.5 

24.4 

27.8 

C90027. 

5.30  p.  m. 

6.00  p.m. 

6.30  p.  m. 

7.00  p.  m. 

7.30  p.m. 

8.00  p.m. 

8.30  p.  m. 

9.00  p.m. 

9.30  p.  m. 
10.00  p.m. 
10.30  p.m. 
11.00  p.m. 
11.30  p.m. 
12.00  m. 
12.30  a.m. 

1.00  a.m. 

1.30  a.m. 

2.00  a.m. 

2.30  a.m. 

3.00  a.  m. 

3.30  a.  m. 

4.00  a.m. 

4.30  a.  m. 

5  00  a.m. 

5.30  a.  m. 

6.00  a.m. 

6.30  a.  m. 

23  46  00 
23  51  00 
23  53  30 
23  56  00 
23  58  00 
22  01  30 
22  04  00 
22  06  00 
22  08  30 
22  11  30 
22  14  00 
22  18  00 
22  19  00 
22  21  30 
22  24  00 
22  26  00 
22  28  30 
22  31  00 
22  34  00 
22  36  00 
22  38  30 
22  42  00 
22  44  00 
22  46  00 
22  48  00 
22  51  00 
22  54  00 

86  32  00 
86  27  00 
86  24  30 
86  22  00 
86  19  30 
86  16  30 
86  13  30 
86  11  00 
86  08  30 
86  06  00 
86  03  00 
86  01  00 
85  58  00 
85  55  30 
85  53  00 
85  51  00 
85  48  00 
85  45  00 
85  43  00 
85  40  00 
85  38  00 
85  34  30 
85  32  00 
85  30  00 
85  27  00 
85  24  00 
85  21  00 

27.0 
27.5 
27.0 
27.0 
27.5 
27.6 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
26.7 
26.9 
26.9 
26.9 
26.7 
26.7 
27.0 
27.0 
27.0 
27.0 
27.0 
27.0 
26.0 
26.9 

26.1 

25.6 

25.6 

25.0 

25.0 

25.0 

Nov.a4 

26.0 

24.4 

21.4 

23.9 

23.9 

23.9 

23.9 
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U.   S.  BUREAU  OF  FISHERIES. 


Surface  Temperatures  Taken  While  Under  Way  During  Atlantic  Cruises, 
South  prom  Norfolk,  1919,  and  North  from  Norfolk,  1920-'<Oontmued. 


Temperature  (•C.). 

Stettons 

n»t©. 

Hour. 

Latittido. 

Longitude. 

between 

wfaldi 

Air. 

Surtaoe. 

taken. 

1919. 

•     /     // 

Nov.  24 

7.00  a.m. 
7.30  a.  m. 
8.00  a.m. 

22    57    00 

22  59    00 

23  02    30 

85    18    30 
85    15    30 
85    12    00 

23.9 

27.0 
27.0 
27.0 

24.4' 

8.30  s.  m. 
9.00  a.m. 

23    Wi    00 
23    08    30 

85    09    30 
85    0«    00 

27.5 
27.5 

2h'.o 

9.30  a.  m. 
10.00  a.m. 

23    11    00 
23    14    00 

85    03    30 
85    00    00 

27.8 
27.5 

25.'6" 

10.30  a.m. 
11.00  a.m. 

23    17    00 
23    20    30 

84    57    00 
84    53    00 

27.6 
27.5 

28.'3' 

11.30  a.m. 
12.00  m. 

23    24    00 
23    27    00 

84    49    00 
84    46    00 

27.5 
27.0 

28.*3' 

12.30  p.m. 
1.00  p.m. 

23    30    00 
23    33    00 

84    42    00 
84    39    00 

27.5 
27.5 

28*3* 

1.30  p.m. 
2.00  p.  m. 

23    36    30 
23    39    30 

84    35    30 
84    32    00 

27.5 
27.5 

27.6' 

2.30  p.  m. 
3.00  p.  m. 

23    43    30 
23    45    00 

84    28    00 
84    25    00 

27.6 
27.5 

27.6 

CTKMXiS. 

«.(X)  p.  m".* 

■ffl'is'oo" 

'84" "is" "66" 

25*0 

27.6' 

9.30  p.  m. 
10.00  p.  m. 

23    47    00 
23    49    00 

84    11    00 
84    08    00 

27.0 
27.0 

24.*4' 

10.30  p.  m. 
U.OOp.m. 

23    51    00 
23    53    00 

84    05    30 
84    02    30 

27.0 
26.9 

24.'4' 

11.30  p.m. 
12.00  m. 

23    55    00 
23    57    00 

84*00    00 
83    57    00 

26.7 
36.7 

24'4' 

Nov.  25 

2.30  a.m. 
3.00  a.m. 

24    06    30 
24    08    30 

83    43    00 
83    40    30 

25.6 
25.3 

26.'i' 

3.30  a.  m. 
4.00  a.  m. 

24    10    30  1  83    37    00 
24    12    30     83    34    30 

25.0 
25.3 

26.'i" 

4.30  a.m. 
5.00  a.m. 

24    14    30 
24    16    00 

83    31    30 
83    29    00 

35.0 
26.0 

23*3* 

5.30  a.  m. 
6.00  a.  m. 

24    18    00 
24    19    30 

83    26    30 
83    23    30 

25.0 
25.3 

23*3* 

6.30  a.  m. 

24    21    00 

83    21    00 

25.6 

C30020. 

io.dda.mV 

24  "27'  30' 

'83**68  "OO" 

ae'i' 

25.*8' 

10.30  a.m. 

24    30    00 

83    04    00 

35.6 

Nov.  26 

caooaa 

caooBi. 

Nov.  30 

12.00  in. 

24    27    66 

si  43  66 

i7.'8* 

2S.8 

26.  i 

1.00  p.m. 

24    24    30 

81    35    00 

36.7 

2.00  p.m. 

24    25    00 

81    29    00 

32.2 

36.7 

3.00  p.m. 

24    27    00 

81    19    00 

31.1 

26.7 

4.00  p.m. 

24    29    00 

81    09    00 

29.4 

36.7 

5.00  p.  m. 

24    34    00 

80    57    00 

27.0 

36.9 

6.00  p.m. 

24    38    00 

80    47    00 

26.7 

26.9 

7.00  p.  m. 

24    44    00 

80    36    00 

26.7 

26.9 

8.00  p.m. 

24    50    00 

80    27    00 

26.7 

36.7 

9.00  p.m. 

24    57    00 

80    19    00 

25.6 

26.4 

10.00  p.m. 

25    03    30 

80    11    30 

25. 6 

36.4 

11.00  p.m. 

25    10    00 

80    06    00 

26.1 

36.7 

12.00  m. 

25    16    30 

80    04    00 

26.1 

36.7 

Dec.     1 

1.00  a.  m. 

25    24    00 

80    02    00 

26.1 
25.6 

36  7 

2.00  a.  m. 

25    31    00 

79    59    00 

36.7 

3.00  a.  m. 

25    36    00 

80    00    00 

26.6 

36.7 

4.00  a.m. 

25    39    30 

80    01    00 

26.6 

36.7 

5.00  a.  m. 

25    42    00 

80    03    00 

33.9 

36.4 

6.00  a.m. 

25    44    00 

80    03    30 

23.9 

36.4 

7.00  a.m. 

(") 

<") 

24.4 

35.6 

8.00  a.  m. 

\v 

(") 

24.4 

35.0 

9.00  a.  m. 

(**) 

« 

34.4 

35.0 

10.00  a.  m. 

(fl) 

V 

34.4 

35.0 

11.00  a.m. 

la\ 

«) 

21.1 

35.0 

12.00  m. 

Iv 

a) 

34.7 

34.7 

I.OOp.m. 

(0) 

la) 

31.1 

34.7 

2.00  p.m. 

(a) 

\V 

23.9 

34.7 

3.00  p.m. 

(«) 

a) 

23.9 

34.7 

4.00  p.m. 

(») 

a) 

23.9 

24.7 

5.00  p.m. 

Iv 

a) 

23.9 

26.0 

6.00  p.m. 

S") 

a) 

23.9 

25.0 

7.00  p.m. 

\V 

,• 

23.3 

25.0 

8.00  p.  m. 

(•) 

\V 

23.3 

35.0 

9.00  p.  m. 

<•) 

W 

as.  3 

35.0 

a  (Chart  0.  S.  166.)    Fowey  Rocks  Lt.  bean  88E.,  distant  10.4  ml.    Rt.  tang.  Viigiiila  Key  SOllW.  dis- 
tant 1.6  mL 
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SURFACB    TXMFXRATUBBB  TaKBN  WhILE   UnDBR  WaY  DuRINO  ATLANTIC  OrUIBBS, 

South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


Temperature  CC). 

Stations 

Dftto. 

Hoar. 

Latitude. 

Longltade. 

between 

which 

Air. 

SwiBoe.    ,        taken. 

1919. 

•     «     /' 

•     f     ft 

1 

D«c.     1 

10.00  p.  in. 

(*») 

(«) 

23.3 

25.0  ! 

11.00  p.  m. 

\i 

• 

23.3 

25.0 

12.00111. 

(V 

23.3 

26.0 

Dec.     3 

11.00a.m. 
12.00  m. 

25    51    00 
25    59    00 

80    07    00 
80    04    80 

36.7 
2C.7 

35.6 
26.6 

1.00  p.m. 

26    08    00 

80    02    00 

26.1 

25.3 

2.00  p.m. 

26    17    00 

80    00    00 

25.6 

25.8 

3.00  p.  m. 

26    21    00 

79    59    30 

25.6 

21.4 

4.00  p.m. 

26    80    30 

79    59    00 

25.6 

25.6 

5.00  p.  m. 

26    37    00 

79    58    30 

25.0 

25.6 

6.00  p.m. 

26    44    00 

79    58    00 

24.4 

25.0 

7.00  p.  m. 

26    51    00 

79    57    00 

23.9 

25.5 

8.09  p.m. 

26    56    00 

79    56    30 

23.9 

25.0 

9.00  p.  m. 

27    03    00 

79    58    00 

23.3 

25.0 

10.00  p.m. 

27    10    00 

80    00    00 

28.3 

24.4 

11.00  p.m. 

27    17    00 

80    02    00 

22.8 

23.9 

12.00  m. 

27    24    00 

80    04    00 

22.8 

23.3 

Dec.     4 

1.00  a.m. 
2.00  a.m. 

27    81    00 
27    38    00 

80    05    30 
80    07    00 

22.8 
22.8 

23.0 

23.3 

3.00  a.  m. 

27    45    00 

80    09    00 

22.8 

22.2 

4.00  a.  m. 

27    52    00 

80    13    00 

22.2 

22.8 

5.00  a.m. 

27    68    20 

80    17    00 

22.2 

23.3 

6.00  a.  m. 

28    05    00 

80    21    00 

21.1 

23.6 

7.00  a.m. 

28    11    30 

80    25    00 

21.7 

23.6 

8.00  a.  m. 

28    18    00 

80    29    00 

21.7 

23.6 

9.00  a.m. 

28    24    30 

80    33    00 

23.3 

21.9 

r20032 

ii'oo'm." 

28"26  "66 

"so"  32  '66 

25.6 

2i'9 

1.00  p.  m. 

28    26    00 

80    24    00 

22.8 

22.2 

2.00  p.  m. 

28    33    00 

80    23    00 

23.3 

22.2 

3.00  p.m. 

28    39    00 

80    22    00 

24.4 

22.2 

4.00  p.m. 

28    45    00 

80    27    00 

23.3 

21.7 

5.00  p.  m. 

28    51    00 

80    32    00 

21.7 

21.7 

6.00  p.  m. 

28    56    30 

HO    37    00 

20.6 

21.7 

7.00  p.  m. 

20    02    30 

80    42    30 

20.0 

21.7 

8.00  p.m. 

29    06    30 

80    48    00 

20.0 

21.7 

9.00  p.  m. 

29    15    30 

80    51    00 

19.4 

21.1 

10.00  p.  m. 

29    22    00 

80    53    30 

19.4 

21.1 

11.00  p.m. 

29    28    30 

80    56    30 

18.9 

20.6 

12.00  m. 

29    35    00 

80    50    30 

18.9 

20.6 

Dec.    5 

1.00  a.m. 
2.00  a.m. 

29    42    00 
29    49    00 

81    08    00 
81    06    00 

18.3 
17.8 

20.6 
20.0 

3.00  a.m. 

29    56    00 

81    09    00 

17.2 

20.0 

4.00  a.m. 

30    03    00     81    11    30 

16.7 

20.0 

5.00  a.m. 

80    10    00  1  SI    14    30 

16.1 

19.4 

6.00  a.m. 

30    18    00 

81    17    30 

15.0 

19.4 

7.00  a.m. 

80    24    00 

81    30    00 

14.4 

19.4 

8.00  a.m. 

30    31    00 

81    21    00 

12.2 

18.3 

9.00  a.m. 

80    88    00 

81    21    00 

11.7 

18.3 

10.00  a.  m. 

80    44    30 

81    22    00 

11.1 

":.t 

C30033. 

Dec    8 

C30034. 

Lobp.  m.' 

86' "47" '66 

81    19    00 

22.2 

ii'9' 

2.00  p.  m. 

80    51    00 

81     12   00 

'»2.8 

18.9 

8.00  p.m. 

80    55    00 

81    05    00 

22.2 

19.2 

4.00  p.  m. 

80    59    00 

80    67    30 

22.2 

19.4 

5.00  p.m. 

81    08    00 

80    50    30 

22.8 

19.4 

6.00  p.  m. 

31    07    30 

80    43    30 

22.8 

18.9 

7.00  p.m. 

81    12    00 

80    36    00 

22.8 

18.9 

8.00  p.  m. 

81    16    00 

80    29    00 

22.8 

18.9 

9.00  p.m. 

81    20    30 

80    22    00 

22.2 

20.0 

• 

10.00  p.  m. 

31    24    30 

80    15    00 

21.7 

20.0 

11.00  p.m. 

31    29    00 

80    08    00 

22.2 

20.0 

12.00  m 

31    33    00 

80    01    00 

22.2 

20.0 

t>ti,    9 

1.00  a.m. 

31    37    00 

79    54    00 

22.8 

20.0 

2.00  a.m. 

31    41    30 

79    46    00 

23.9 

•     20.0 

3.00  a.m. 

81    4C    00 

79    39    30 

23.9 

20.0 

4.00  a.m. 

81    SO    00 

79    32    00 

23.9 

20.0 

6.00  a.m. 

31    54    00 

79    25    00 

24.4 

23.3 

6.00  a.m. 

81    50    00 

79    17    30 

23.9 

23.3 

7.00  a.m. 

83    08    00 

79    10    00 

23.3 

23.0 

C20035. 

**2*(»p.mV 

32    is'so" 

79"65  "66" 

38.3' 

34.'7* 

^  •  (Chart  C.  8. 166.)     Fowey  Rooks  Lt.'bean  98E.,  distant  10.4  mi 
*teUotl.6mL 


Rt.  tang.  Virginia  Key  S63SW. 
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SuKPACE  Tempeeatuebs  Taken  WmiiE  Under  Way  During  Atlantic  Cruibes, 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


Temperature  (•&). 

Btatioos 

Date. 

Hour. 

Latitade. 

Lon^tude. 

between 

which 

Air. 

Smriifice. 

Uikm. 

1919. 

o    /     // 

0  /   // 

Deo.  9 

3.00  p.m. 
4.00  p.m. 

32  22  00 
32  30  00 

79  09  00 
79  18  00 

21.7 
21.1 

24.7 
24.7 

5.00  p.m. 

32  36  30 

79  12  00 

22.2 

24.7 

6.00  p.m. 

32  48  30 

79  07  30 

21.7 

21.9 

7.00  p.  m. 

33  00  00 

79  08  00 

22.2 

17.8 

8.00  p.  m. 

33  06  80 

78  66  00 

21.7 

17.8 

9.00  p.  m. 

83  13  00 

78  48  00 

21.7 

17.8 

10.00  p.  m. 

83  19  00 

78  41  80 

21.7 

17.5 

11.00  p.m. 

83  25  00 

78  84  30 

21.1 

17.5 

12.00  m. 

33  31  00 

78  28  00 

2L1 

17.2 

Dec.  10 

1.00  a.  m. 
2.00  a.m. 

38  87  30 
33  43  00 

78  20  30 
78  14  00 

19.4 
18.9 

17.2 
17.2 

3.00  a.  m. 

33  49  00 

78  07  00 

•18.9 

17.2 

C20006. 

Deo.  12 

■'sod  a.m." 
9.00  a.  m. 

"33  "49"'i6" 
33  42  00 

"re  03  "66" 
77  58  80 

io.o 

10.0 

i4."4* 

14.4 

10.00  a.  m. 

83  87  00 

77  63  30 

16.7 

17.2 

11.00  a.m. 

33  34  00 

77  45  00 

20.0 

17.2 

12.00  m. 

33  34  00 

77  36  30 

20.0 

17.2 

1.00  p.m. 

33  34  00 

77  26  00 

22.8 

21.7 

2.00  p.  m. 

33  34  00 

77  17  00 

23.3 

21.7 

3.00  p.  m. 

33  34  00 

77  08  00 

23.0 

22.2 

4.00  p.m. 

33  84  00 

76  58  00 

23.9 

22.2 

5.00  p.  m. 

33  34  00 

76  49  00 

23.9 

22.2 

C20087. 

io.dop.m. 

33*  49  "66' 

TO  "46"  "so" 

23."9' 

22.'8' 

11.00  p.m. 

33  58  00 

76  40  00 

23.9 

22.8 

12.00  m. 

34  06  45 

76  39  00 

23.9 

22.8 

Dec.  13 

1.00  a.  m. 

34  15  00 

76  38  00 

22.2 

22.8 

2.00  a.  m. 

34  24  00 

76  37  30 

20.6 

22.8 

C2003& 

'I'ioom.'" 

'34"29**66" 

■76"3i**36* 

if.'i* 

ii.'i' 

1.00  p.m. 

34  26  00 

76  26  30 

18.9 

16.1 

2.00  p.  m. 

34  26  00 

76  18  00 

18.9 

17.2 

3.00  p.m. 

34  26  00 

76  09  30 

19.4 

17.8 

4.00  p.  m. 

34  26  00 

76  01  00 

22.2 

17.8 

5.00  p.  m. 

34  26  00 

75  62  00 

21.7 

20.0 

C2D039. 

'iioom.'" 

■34"66**66" 

"75" 'is' '66" 

23*3' 

23"3* 

Dec  14 

1.00  a.  m. 

35  04  00 

75  05  80 
75  16  00 

22.2 
18.9 

22.8 
15.0 

2.00  a.m. 

85  11  00 

20040. 

2.00  p.m. 

'36'*23*'d6* 

"76"24"66' 

i6.'6" 

ii.'i' 

3.00  p.m. 

35  29  00 

75  28  00 

9.4 

10  0 

4.00  p.  m. 

35  34  00 

75  22  00 

9.4 

10.0 

5.00  p.m. 

35  37  30 

75  22  00 

7.2 

9.4 

6.00  p.m. 

35  41  00 

75  23  00 

6.7 

9.4 

7.00  p.  m. 

35  44  00 

76  24  00 

6.1 

8.9 

8.00  p.  m. 

35  48  00 

75  24  30 

6.1 

8.9 

9.00  p.  m. 

35  51  00 

75  25  00 

5.0 

11.1 

10.00  p.  m. 

35  57  00 

75  27  00 

5.0 

10.6 

11.00  p.m. 

36  02  30 

76  28  00 

4.4 

10  6 

12.00  m. 

36  07  30 

76  30  00 

3.9 

9.4 

Dec.  15 

100a  m 

36  13  00 
36  18  00 

75  81  00 
75  32  30 

3.9 
3.9 

9.4 
8.3 

2.00  a.  m. 

3.00  a.  m. 

36  23  00 

75  34  00 

3.9 

8.3 

4.00  a.m. 

36  27  00 

75  35  00 

1.7 

8.9 

5.00  a.  m. 

36  81  20 

75  36  00 

1.1 

8.9 

6.00  a.  m. 

36  35  30 

76  37  00 

.6 

8.3 

7.00  a.  m 

36  42  30 

75  45  00 

.6 

7.8 

1920. 
Feb.  19 

8.00  a.  m. 

36  44  30 

75  52  30 

.5 

7.2 

6.00  p.  m. 
7.00  p.  m. 

37  15  00  7^  Qo  An 

4.4 

3.3 

3.6 
3.6 

V 

37  19  00 

75  19  30 

8.00  p.  m. 

37  23  00 

75  10  00 

3.3 

3.6 

9.00  p.  m. 

37  27  00 

75  00  00 

2.2 

3.6 

10.00  p.  m. 

37  31  30 

74  51  00 

1.7 

3.6 

llJWp.m. 

37  85  30 

74  41  00 

1.1 

3.0 

12.00  m. 

37  40  00 

74  31  00 

.6 

3.0 

Feb.  20 : 

1.00  a  m. 

87  43  30 
37  48  00 

74  22  00 
74  12  00 

.6 
.6 

3.0 
3.0 

2.00  a.m. 

C2004L 

"ibda.mV 

'37* '54**66* 

*73*"68"'36* 

.'6' 

3.'6* 

9.00  a.m. 

37  59  00 

73  51  3p 

.0 

4.4 

10.00  a.m. 

38  04  00 

73  48  00 

2.8 

6.0 

1100  a.m. 

38  09  00 

73  44  30 

2.8 

5.0 
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SUBFACB  TXHPSRATURBB  TaKBN    WHUiB  UnDBR   WaY   DuRINO   ATLANTIC  CrUISBS, 

South  fbom  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Continued. 


Date. 

Hoar. 

TAtitade. 

Longitade. 

Temperature  (•C). 

Stations 
between 

Air. 

Surface. 

which 
taken. 

IIDO. 
Feb.  ao 

12.00  m. 
1.00  p.  m. 
3.00  p.m. 
3.00  p.m. 
4.00  p.m. 
5.00  p.  m. 
6.00  p.  m. 
7.00  p.  m. 
8.00  p.m. 
9.00  p.m. 

*  /  It 
38  14  00 
38  19  00 
38  24  00 
38  20  00 
38  34  00 
38  39  00 
38  44  00 
88  40  00 
38  64  00 
38  60  00 

73  40  00 
73  36  00 
73  31  00 
73  36  00 
73  31  00 
73  16  30 
73  13  00 
73  07  00 
73  03  00 
73  68  00 

3.9 

.6 

.0 

l.I 

1.1 

2.2 

L7 

LI 

.6 

2.2 

6.3 
3.9 
8.9 
3.9 
3.3 
3.3 
3.3 
3.0 
2.8 
2.8 

Feb.  S0to31 

C20042. 

Feb.  21 

3.00  a.m. 
3.00  a.m. 
4.00  a.m. 
6.00  a.  m. 
6.00  a.m. 
7.00  a.m. 

39  09  00 
30  14  00 
39  20  00 
39  25  00 
39  30  30 
39  36  30 

73  40  00 
72  33  00 
72  26  00 
72  19  00 

72  12  00 

73  06  30 

3.3 
2.8 
2.2 
2.2 
1.7 
1.7 

6  6 
6.3 
6.3 
5.0 
5.0 
5.0 

C30043. 

Fteb.  33 

12.00  m. 

1.00  p.  m. 

2.00  p.m. 

3.00  p.m. 

4.00  p.  m. 

5.00  p.  m. 

6.00  p.  m. 

7.00  p.  m. 

8.00  p.  m. 

9.00  p.  m. 
10.00  p.m. 
11.00  p.m. 
12.00  m. 

1.00  a.m. 

2.00  a.m. 

3.00  a.m. 

4.00  a.m. 

6.00  a.m. 

6.00  a.  m. 

7.00  a.m. 

8.00  a.  m. 

9.00  a.m. 
10.00  a.  m. 
11.00  a.m. 

39  36  00 
39  36  30 
39  38  00 
39  39  00 
39  41  00 
39  42  00 
39  43  00 
39  45  00 
39  46  00 
39  47  30 
39  49  00 
39  50  00 
39  61  30 
39  63  00 
39  54  00 
39  56  00 
39  57  00 

39  68  00 

40  00  00 
40  01  00 
40  02  30 
40  04  00 
40  05  00 
40  06  30 

71  60  30 
71  41  00 
71  31  00 
71  21  30 
71  12  00 
71  02  00 
70  52  00 
70  42  30 
70  32  30 
70  22  30 
70  13  00 
70  03  00 
09  53  00 
09  44  00 
69  34  00 
69  24  00 
69  15  00 
60  05  00 
68  60  00 
68  45  30 
68  36  00 
68  26  00 
68  16  00 
68  06  00 

6.6 
7.2 
6.7 
5.0 
3.9 
2.2 
2.2 
2.2 
2.8 
3.3 
3.3 
3.9 
3.9 
6.6 
5.6 
6.6 
6.1 
6.7 
7.2 
7.2 
7.2 
8.3 
8.3 
8.3 

6.6 
6.1 
7.8 
7.2 
^  5.0 
5.0 
5.0 
5.0 
6.0 
6.0 
6.0 
6.0 
5.0 
6.0 
6.0 
4.4 
6.0 
5.0 
4.7 
4.4 
4.4 
4.4 
4.4 
4.4 

C20044. 

C2004& 

8.00  p.m. 
9.00  p.m. 

40  21  00 
40  28  30 

68  11  00 
68  16  00 

6.0 
4.4 

6,0 
6.0 

C20O46. 

Feb.  33 

12.00  m. 
1.00  a.m. 
2.00  a.m. 
3.00  a.  m. 
4.00  a.  m. 

40  40  30 
40  46  30 

40  53  00 

41  00  00 
41  06  00 

68  22  00 
68  24  00 
68  27  30 
68  30  30 
68  33  00 

3.3 
3  3 
3.3 
2.8 
2.2 

5.0 
6.0 
6.0 
6.0 
6.0 

C20047. 

7.00  a.m. 
8.00  a.m. 
9X0  a.  m. 
10i)0a.m. 

41  16  30 
41  23  00 
41  29  00 
41  36  00 

68  38  00 
68  41  00 
68  44  00 
68  47  00 

3.3 
2.8 
2.2 
2.2 

4.4 
4.4 

3.9 
3.6 

C20048 

LOO  p.m. 
2100  p.m. 
3.00  p.m. 
4.00  p.m. 
6.00  p.m. 
6.00  p.  m. 
7i)0p.m. 

aoop.m. 

9.00  p.m. 

41  44  00 
41  40  00 
41  64  00 

41  69  00 

42  04  00 
42  07  00 

42  09  00 

43  14  00 
43  22  00 

68  64  00 
60  03  00 
60  12  00 
60  21  00 
60  30  00 
60  40  30 
60  51  00 
60  52  00 
60  43  00 

2.8 
2.8 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

3.3 
3.3 
2.8 
2.8 
2.8 
3.3 
3.3 
3.3 
3.3 

C20O49. 

Feb.  34 

LOOa.  m. 
3.00  a.m. 
3.00  a.  m. 
4.00  a.  m. 
6.00  a.m. 

43  28  00 
42  26  00 
42  24  00 
42  21  00 
42  19  00 

60  47  30 
70  01  00 
70  14  00 
70  27  00 
70  40  00 

2.8 
2.8 
3.3 
3.3 
3.3 

3.3 
3.3 
3.3 
3.3 
3.3 

[Boston]. 
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SuBPACE  Tempbhaturbb  Takbn  While  Under  Way  During  Atlantic  Cnuisz'^. 
South  prom  Norpolk,  1919,  and  North  prom  Norpolk,  1920— Continued. 


Date. 

Hour. 

Latitude. 

Longitude. 

Temperature  (T.). 

Stations 
between 

Air. 

Surface. 

whidi 
taken. 

1920. 
Mar.    1 

12.00  m. 
1.00  p.m. 
2.00  p.m. 

•     /      // 

42    21    30 
42    25    00 
42    28    00 

70    48    30 
70    33   00 
70    23    00 

6.7 
8.3 
8.9 

1.1 
1.1 
1.1 

C200fi0. 

Mar.  1  to2     

1 





CaOOSLa 

Mar   2 ' ! 

C20052. 

Mar.    3 

10.00  p.  m. 
11.00  p.m. 
12.00  m. 

1.00  a.m. 

2.00  a.m. 

3.00  a.  m. 

4.00  a.  ffi. 

42    44    00 
42    44    00 
42    44    00 
42    44    00 
42    44    00 
42    44    00 
42    44    00 

68    .33    30 
68    24    00 
68    15    00 
68    05    30 
67    56    00 
67    47 .  00 
67    37    00 

3.3 
2.2 
1.1 
.5 
.5 
.5 
.5 

2.8 
2.8 
2.8 
2.8 

2.8 
2.8 
2.8 

C20053. 

8.00  a.  ra. 

9.00  a.m. 
10.00  a.m. 
11.00  a.m. 

42    49    00 

42  58    00 

43  06    00 
43    14    00 

67    ;^   00 
67    34    00 
67    38    00 
67    42    00 

.6 
1.7 
1.7 

3.9 

2.8 
3.0 
2.6 
2.2 

C20O54. 

3.00  p.m. 
4.00  p.m. 
5.00  p.m. 

43    23    30 
43    31    00 
43    38    00 

07    45    00 
67    48    00 
67    50    .30 

3.9 
.3.9 
3.9 

i"2 

2.2 
2.2 

C2005.5. 

8.00  p.m. 
9.00  p.m. 
10.00  p.m. 

43    47    30 

43  54    00 

44  01    00 

67  ,55    00 

68  00    00 
68    05    00 

,3.9 
3.9 
3.3 

2.2 
2.5 
2.2 

caoa'^fi. 

BfAT.    4 

1.00  a.m. 
2.00  a.  m. 
3.00  a.  m. 
4.00  a.m. 
5.00  a.m. 
6.00  a.m. 
7.00  a.m. 

43    59    66  1 ««    i6   66 
43    53    00  1  08    24    00 
43    47    00  1  68    32    00 
43    42    00  1  68    40    00 
43    36    00  !  68    48    00 
43    29    00     68    53    30 
43    22    00     68    50    00 

.3.9 
4.4 
4.4 
4.4 
4.4 
4.4 
4.4 

1.1 

1.1 
1.1 

1:1 

C20057. 

9.00  a.m. 
10.00  a.m. 
11.00  a.m. 
12.00  m. 

43    21    30 
43    26    00 
43    30    30 
43    35    30 

68  59    00 

69  08    00 
69    18    00 
69    28    00 

4.4 
5.0 
6.0 
4.4 

i.i 
1.1 

Ll 

1.1 

C20(»ts. 

3.00  p.m. 
4.00  p.  m. 
5.00  p.m. 

8.00  p.m. 
9.00  p.  m. 
10.00  p.  m. 

43    38    00 
43    34    00 
43    29    00 

43"  18' '66' 
43    12    00 
43    05    00 

60    45    00 

69  53    00 

70  02    00 

76'  i6"66" 
70    20    00 
70    25    00 

6.1 
6.1 
6.7 

5.6' 
5.6 
5.6 

L9 
1.1 
Ll 

i.'i 

Ll 
Ll 

€30059. 
C200G0. 

Mar.    5 

12.00  m. 
1.00  a.m. 

43    02    00 
43    01    00 

70    25    00 
70    15    00 

5.6 
6.1 

L7 

C2006L 

4.00  a.m. 
5.00  a.  m. 
6.00  a.  m. 
7.00  a.m. 
8.00  a.  m. 

42    54    00 
42    47    30 
42    41    00 
42    35    00 
42    29    00 

70    16    00 
70    22    00 
70    28    00 
70    34    00 
70    40    00 

5.6 
6.1 
6.1 
6.1 
6.1 

1.7 
1.7 
L7 
L7 

caoo62. 

[BoetoB.] 

Mar.  10  .        .. 

12.00  m. 

1.00  p.  m. 

2.00  p.  m. 

3.00  p.m. 

4.00  p.m. 

5.00  p.m. 

6.00  p.m. 

7.00  p.m. 

8.00  p.m. 

9.00  p.m. 
10.00  p.  m. 
11.00  p.  m. 
12.00  m. 

9.4 
11.7 
12.2 
9.4 
10.6 
10  6 
9.1 
8  9 
8.3 
7.2 
7.2 
7.2 
7.2 

Ll 
Ll 
1.7 
1.7 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

42    19    00 
42    18    00 
42    17    00 
42    16    00 
42    15    00 
42    13    30 
42    12    30 
42    11    00 
42    10    00 
42    09    00 
42    08    00 
42    07    00 

70    35    30 
70    24    00 
70    12    30 
70    01    00 
69    49    00 
09    37    30 
69    26    00 
69    15    00 
69    03    00 
68    51    .30 
<i8    40    00 
68    28    00 

• 

•  Temperatures  discarded  between  stations  20051  and  20O5X 
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Surface  Tbmfbbaturbs  Taken  While  Under  Way  During  Atlantic  Cruises, 
South  From  Norfolk,  1919,  and^'North  from  Norfolk,  1920 — Continued. 


Temperature  (•C). 

Stations 

Date. 

Hours. 

Latitude. 

Longitude. 

between 

which 

Air. 

Surface. 

taken. 

1920. 

»     t      tt 

•       in 

M;»r.  11 

1.00  a.m. 

42    06    00 

68    16    30 

6.7 

020063. 

■4.oda.*iii. 

'42"66* '66" 

68  "69 "66" 

6."7' 

3.'3 

'  5.00  a.  m. 

42    07    00 

67    59    30 

6.7 

3.3 

6.00  a.  m. 

42    00    00 

67    50    00 

6.7 

3.3 

7.00  a.m. 

42    11    00 

67    40    00 

7.2 

3.3 

8.00  a.m. 

42    13    00 

67    30    00 

7.2 

3.3 

9.00  a.m. 

42    15    00 

67    20    00 

9.4 

3.9 

C20064. 

Loop.  III. 

42  '28'  66' 

'67' "12  "66' 

9.4' 

3.'3" 

2.00  p.m. 
3.00  p.m. 
4.00  p.m. 
5.00p.m. 

42    13    00 
42    07    00 
42    02    00 
41    56    30 

67    08    00 
67    03    00 
06    50    00 
66    64    00 

8.9 
8.3 
7.8 
8.3 

C:^)nfi5. 

7.00  p.m. 
8.00  p.m. 

■4!'  49"  66' 
41    40    30 

'66  "6i'"66 
66    47    00 

8.'3" 

8.3 

C30066. 

Mar.  12 

■  i.'0Oa.inV 
2.00  a.  m. 

'41  "26  "66' 

41    20    00 

'66'"39  '66 
66    36    00 

9.'4' 

8.9 

2."8 

...... 

5.00  a.  m. 

""'(■«)"" 

9.*4' 

2.'8 

6.00  a.  m. 

¥} 

10.0 

2.8 

7.00  a.m. 

(«) 

9.4 

2.8 

C20068. 

"laboa.'m. 

■46  "55" "36" 

66  "ii" '66 

16.6' 

" 3'3 

11.00  a.m. 

40    49    00 

66    10    00 

11.1 

3.3 

C20069. 

3.00  p.m. 

'46  "54"  66' 

'66"68"66' 

i6.'6' 

.is' 

4.00  p.m. 

41    01    00 

66    08    00 

10.0 

3.3 

5.00p.m. 

41    09    00 

66    08    00 

10.0 

3.3 

6.00  p.m. 

41    17    00 

66    08    00 

9.4 

3.3 

7.00  p.m. 

41    24    00 

66    08    00 

9.4 

3.3 

8.00  p.m. 

41    32    00 

66    08    00 

9.4 

3.3 

9.00  p.m. 

41    39    30 

66    08    00 

9.4 

3.3 

10.00  p.  m. 

41    47    00 

66    08    00 

9.4 

3.3 

11.00  p.m. 

41    64    30 

66    08    00 

8.9 

3.3 

12.00  m. 

42    02    00 

66    08    00 

10.0 

3.3 

Mar.  13 

1.00  a.m. 

42    00    30 

66    08    00 

4.4 

2.8 

C20O7O. 

"*4Vdda.m. 

'42"ii"66' 

"66"69""66' 

i6."6' 

2.'8' 

C20071. 

Liwa'mV 

"42"  "22  "66' 

(36'  66"66' 

16.6' 

2."8' 

8.00  a.  m. 

42    33    00 

65    62    00 

10.0 

io.Wa.mV 

42"46  "66" 

65" "48  "66' 

9.'4" 

2.8 

11.00  a.m. 

42    48    00 

66    45    00 

9.4 

2.8 

12.00  m. 

42    66    00 

66    40    00 

9.4 

2.8 

1.00  p.m. 

43    04    00 

66    36    00 

9.4 

2.8 

2.00  p.m. 

43    12    00 

65    32    00 

9.4 

2.8 

3.00  p.m. 

43    20    00 

66    27    00 

10.0 

2.8 

4.00  p.m. 

43    27    30 

65    21    00 

10.0 

2.8 

5.00  p.m. 

43    36    00 

66    16    00 

10.6 

2.8 

6.00  p.m. 

(6) 

{^\ 

10.6 

2.8 

7.00  p.m. 

rJ 

Vl 

11.1 

2.8 

• 

8.00  p.  m. 

(6) 

v\ 

n.i 

2.8 

9.00  p.  m. 

S*^ 

(*) 

12.2 

2.8 

10.00  p.  m. 

(6) 

(*^ 

12.2 

2.8 

11.00  p.m. 

i*^ 

(*) 

12.2 

2.8 

M«.l4 

12.00  ra. 

(6) 

12.2 

2.8 

1.00  a.m. 

1'] 

7.2 

2.8 

2.00  a.m. 

H 

7.2 

2.8 

■  3.00  a.  m. 

(6) 

(*•) 

7.2 

2.8 

4.00  a.m. 

K^) 

(*) 

4.4 

2.2 

6.00  a.m. 

(^; 

e*) 

4.4 

2.2 

6.00  a.m. 

(^) 

(*) 

3.9 

2.2 

7.00  a.  m. 

(J) 

2.2 

8.00  a.m. 

2.8 

2."2 

9.00  a.m. 

2.2 

2.2 

10.00  a.  m. 

(^) 

2.2 

2.2 

PA*?m  ^  **  ^^^  ^ouT  doubtful.    Surface  temperature  37'  F.  between  stations  20067  (lat.  41*  16'  long. 
6  ^}^^  30088  (lat.  41*  02',  long.  66*  20').  v  ,  «^ 

"Anchorage,  SbeJbume  Harbor;  N.  S. 
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SURPACB  TSHPEBATUBSS  TaKEN   WhILE   UnDER  WaT  DuRINO  ATLANTIC  CsCnS£S 

South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


Temperature  (*C.). 

Statioos 

Date. 

Hoar. 

Latitude. 

LoDgitiida 

lieCwceti 

wliidi 

Air. 

Burfaoe. 

taken. 

1920. 

•     /      // 

•     /      // 

Mar.  14 

11.00  a.m. 
12.00  m. 

?i 

^ 

1.7 
L7 

2.2 
2.2 

1.00  p.m. 

\V 

\i 

2.2 

2.2 

2.00  p.m. 

(«) 

.6 

2.2 

3.00  p.m. 

(«) 

H 

.6 

2.2 

4.00  p.  m. 

(*) 

.6 

2.2 

5.00  p.m. 

(^/ 

(«) 

.6 

2.2 

6.00  p.m. 

["! 

(«) 

.0 

2.2 

7.00  p.m. 

ri 

.0 

2.2 

8.00  p.  m. 

(«) 

(« 

.5 

2.2 

9.00  p.m. 

(°) 

(«) 

.6 

2.2 

10.00  p.  m. 

«) 

(«) 

.0 

2.2 

11.00  p.m. 

(°) 

(«) 

LI 

2.2 

12.00  m. 

(«) 

(«) 

1.1 

2.2 

Mar.  W 

1.00  a.m. 
2.00  a.m. 

(-) 

'^i 

2.2 
2.2 

2.2 
1.7 

3.00  a.  m. 

(•) 

(°) 

2.2 

J.  7 

4.00  a.m. 

(«) 

\^) 

2.2 

L7 

5.00  a.m. 

(•) 

(*/ 

2.2 

L7 

6.00  a.m. 

(•) 

(a) 

2.2 

L7 

7.00  a.m. 

(«) 

L6 

L7 

8.00  a.m. 

(•) 

LI 

L7 

9.00  a.m. 

(«) 

(«) 

.5 

L7 

10.00  a.m. 

(«) 

(») 

.5 

LI 

11.00  a.m. 

(«) 

(«) 

.0 

LI 

12.00  m. 

(«) 

.6 

LI 

1.00  p.m. 

(-) 

2.2 

LI 

2.00  p.  m. 

(«) 

(«) 

4.4 

LI 

3.00  p.  m. 

(•) 

(«) 

4.4 

LI 

4.00  p.  m. 

C) 

(«) 

4.4 

LI 

6.00  p.  m. 

t«) 

4.4 

LI 

6.00  p.  m. 

(«) 

4.4 

LI 

7.00  p.  m. 

(») 

4.4 

LI 

8.00  p.  m. 

3.9 

LI 

9.00  p.  m. 

(°) 

as 

LI 

10.00  p.  m. 

(«) 

LI 

LI 

11.00  p.  m. 

(«) 

.5 

LI 

12.00  m. 

43^^80 

(°) 

.5 

LI 

Mar.  17 

1^.00  m. 

65    15    30 

ia6 

2.8 

C20073. 

3.O0p.m. 

"43"  "34  '66* 

"66""ii  "66" 

ido 

i'a' 

4.00  p.  m. 

43    38    00 

65    15    30 

a4 

2.8 

[Shelburz^O 

iiari'ii."  *.".*-*.'*.**.*.*.**.*.".".'.'. 

*  8.'(»a.m. 
9.00  a.m. 

'4S'"32'*66" 
43    25    00 

"66"'68  "36' 
65    03    00 

ii-'o" 

17.8 

2."8" 

L4 

C20O74. 

■i2."(»m."" 

"43  "14*66' 

*64"54'"66' 

ii'o 

.8 

1.00  p.m. 

43    07    00 

64    47    00 

4.4 

.6 

2.00  p.m. 

42    59    00 

64    40    00 

&9 

.6 

C20075. 

4.00  p.  m. 

*42""63**66" 

"64  '36" '30* 

i'9' 

."6" 

5.00  p.m. 

42    45    00 

64    34    00 

3.3 

.8 

6.00  p.m. 

42    36    30 

04    31    00 

2.8 

.6 

C2007e. 

• 

9.00  p.  m. 

'42  "SO'OO"!  64  "28"86 

4*4* 

Li* 

Mar.  19to20 

1 

C20077. 

Mar.  20 

"  Too' a.m." 
2.00  a.  m. 

'42  *26"66" 
42    30    00 

64    25    00 
64    36    00 

6.*6* 

&0 

L'i' 

Ll 

3.00  a.m. 

42    35    00 

64    46    00 

&0 

Ll 

4.00  a.m. 

42    38    30  ;  64    57    00 

44 

Ll 

5.0Oa.m. 

42    43    00     65    07    30 

4.4 

Ll 

6.00  a.m. 
7.00  a.m. 
8.00  a.m. 

42    47    00  '  65    18    00 
42    51    00     65    29    00 
42    55    00  1  65    39    00 

4.4 
3.3 
2.8 

C20078. 

ii.dd  a.m." 

'43*65**36" 

66    01    00 

L*7* 

L7' 

12.00  m. 

43    12    00 

66    10    00 

2.8 

L7 

1.00  p.  m. 

43    18    00     66    19    30 

LI 

1.7 

2.00  p.  m. 

43    24    00     66    29    00 

LI 

2.2 

3.00  p.  m. 

43    30    30     66    34    00 

2.8 

2.2 

4.00  p.  m. 

43    36    30     66    34    00 

8.5 

2.5 

5.00  p.  m. 

43    42    00    66    33    00 

3.9 

2.2 

6.00  p.m. 

43    46    30  1  66    27    00 

8.9 

2.2 

7.00  p.m. 

43    52    00 

66    24    00 

3.3 

2.2 

•  Anohorage,  Shelbonie  Harbor,  N.  8. 
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SuBFACE  Tbmpebatubes  Taken  While  Under  Wat  Ditrino  Atlantic  Cruises, 
South  from  Norfolk,  1919,  and  North  from  Norfolk.  1920— Continued. 


Date. 

Hour. 

Latitude. 

Lozigitude. 

Temperature  (•C.;. 

Stations 
between 

Air. 

Surface. 

which 
taken. 

1920. 
Mar.  20 

8.00  p.  zn. 
9.00  p.  m. 
10.00  p.  zn. 

43  58    00 

44  04    00 
44    06    30 

66   24    00 
66    24    00 
66    19    00 

3.8 
1.1 
LI 

L7 
L7 
L7 

rest.  Mary.] 
[St.Mary  Bay.] 

Mar.  21 

6.00  a.m. 

7.00  a.m. 
11.00  a.m. 
12.00  m. 

44    10    30 
44    16    00 
44    09    00 
44    17    00 

66    16    30 
66    17    00 
66    29    00 
66    34    00 

LI 
LI 
9.44 
ia56 

.6 
.6 
L67 
L95 

Mar     «f 

4.00  p.  m. 
5.00  p.  m. 
6.00  p.  m. 
7.00  p.  m. 

44    21    00 
44    21    CO 
44    21    00 
44    21    00 

66  49    00 

67  00    00 
67    12    00 
67    23    00 

7.22 
6.11 
6.11 
6.11 

25 
222 
222 
25 

C20080 

10.00  p.  m. 
11.00  p.m. 

44    16    00 
44    09    00 

67    33    66 
67    27    00 

&56 
&56 

Mar.  22  to  23 

L95 

C20081 

Mar.  73 

2.00  a.m. 
3.00a.m. 
4.00  a.m. 

44    05    00 
44    01    30 

47    67    00 

67    19    00 
67    10    00 
67    01    00 

&11 
6.11 
&11 

.  L67 
L67 
L67 

C20082 

7.00  a.m. 
8.00a.m. 

43    51    00 
43    47    00 

66    43    00 
66    30    30 

7.22 
7.22 

222 
222 

C20083. 

11.00  a.m. 
12.00  m. 
1.00  p.m. 

43    35    30 
43    30    00 
43    21    00 

66    18    00 
66    15    00 
66    12    00 

7.78 
7.78 
8.33 

LOS? 

222 

C20084. 

4.00  p.  m. 
5.00  p.  m. 

4:^    18    00 
43    17    00 

66    20    00 
66    30    00 

9.44 
8.89 

C20085. 

7.00  p.  m. 
8.00  p.  m. 
9.00  p.m. 

43    15    00 
43    13    00 
43    11    00 

66    45    00 

66  51    00 

67  07    00 

8.89 
&89 
&33 

3.5? 

C20066. 

Mar.  24 

12.00  m. 

1.00  a.m. 

2.00  a.m. 

3.00  a.m. 

4.00  a.m. 

5.00  a.  m. 

6.00  a.m. 

7.00  a.m. 

8.00  a.m. 

9.00  a.m. 
10.00  a.m. 
11.00  a.m. 
12.00  m. 

1.00  p.m. 

2.00  p.  m. 

3.00  p.m. 

43    18    00 
43    10    00 
43    02    30 
42    59    00 
42    56    00 
42    53    00 
42    50    30 
42    47    00 
42    44    00 
42    41    00 
42    41    00 
42    40    00 
42    39    00 
42    38    00 
42    38    00 
42    37    00 

67    17    00 
67    25    00 
67    33    00 
67    40    00 
67    48    00 

67  56    00 

68  04    00 
68    13    00 
68    20    00 
68    28    00 
68    37    00 
68    46    00 

68  55    00 

69  04    00 
69    13    00 
69    21    00 

7.78 
7.78 
7.78 
7.22 
7.22 
7.22 
7.22 
8.89 
8.89 
12  22 
12.22 
12.22 
1L67 
ILll 
ILll 
1L67 

25 

25 

222 

222 

222 

222 

222 

25 

25 

3.05 

3.05 

3.05 

3.06 

4.44 

3.89 

3.33 

C20087. 

6.00  p.m. 
7.00  p.m. 
8.00  p.  m. 
9.00  p.m. 

42    34    00 
42    28    00 
42    23    00 
42    17    00 

69    31    00 
69    38    00 
69    45    00 
69    51    00 

8.83 
8.33 
8.33 
8.33 

25 
25 
222 
222 

C20088. 

Mar.  25 

12.00  m. 
1.00  a.m. 
2.00  a.m. 
3.00  a.m. 

42    16    00 
42    18    00 
42    19    00 
42    20    00 

70    09    00 
70    24    00 
70    31    00 
70    39    00 

7.22 
6i67 
6i67 
&11 

222 
2  22 
25 

278 

[Boston.] 
C20069. 

Apr.    6 

3.00  p.  m. 

42    25    00 

70    44    30 

&11 

3.33 

Apr.    OandlO 

5.00  p.  m. 

42    31    00 

70    4i    30 

5.00 

278 

C20090     to 

Apr.  10 

6.00  p.m. 
7.00  p.m. 
8.00  p.  m. 
9.00  p.m. 
10.00  p.m. 

43    45    00 
43    40    00 
43    35    00 
43    29    30 
43    24    00 

60    38    00 
60    29    30 
60    20    30 
69    12    00 
60    03    00 

7.22 
6.11 
5.00 
4.44 
4.44 

222 
222 

C20096,  in- 
cIuslve-A 

a  Temperatures  discarded  between  these  statlooa. 


Digitized  by 


Google 


188 


V.  S.  BUREAU  OF  FISHERIES. 


SuRPACB  Temperatures  Taken  While  Under  Wat  Ditrinq  Atlantic  Cbvises. 
South  prom  Norpolk,  1919,  and  North  prom  Norpolk,  1920--Continued. 


Date 

Hour. 

Latitude. 

Longitude. 

Temperature  («^.). 

Stations 

between 

Air. 

SurfMe. 

wliffii 
Ukflo. 

1020. 
Apr.  10  to  11  

•        in           9        r         ft 

C2OO07. 

Apr.  11  ...  .                .  .. 

2.00  a.m. 
3.00  a.m. 
4.00  a.m. 
5.00  a.m. 
6.00  a.  m. 

43    24    30     fiS    41    00 

&11 
6l11 
6.11 
&11 
6.11 

43    29    30 
43    32    30 
43    35    30 
48    39    30 

68   31    00 
68    21    00 
68    12    30 
68    03    30 

Ca0098. 

10.00  a.m. 
n.OOa.m. 
12.00  m. 

1.00  p.m. 

2.00  p.m. 

43    46    30 

43  54    30 

44  02    30 
44    10    30 
44    18    30 

67  56    36 

68  59    00 
68    02    00 
68    03    30 
68    07    00 

3.89 
ILll 
l&OO 
1&56 
1&56 

3.33 
3.33 
3.33 
3.33 
3.33 

[Bar  Harbor.  J 

Apr.  12 

12.00  m. 

44    18    00 

68    01    00 

6.67 

2.78 

caoo99. 

3.00  p.  m. 
4.00  p.  m. 

44    13    00 
44    10    00 

67    42    00 
67    31    00 

8.89 
8.33 

'  3.89 
3.89 

C20100. 

7.00  p.  m. 
8.00  p.m. 
9.00  p.  m. 

44    05    66 
44    00    00 
43    55    00 

67    15    66 
67    05    00 
66    55    00 

7.78 
7.22 
6.67 

2.78 
2.78 
2.78 

C20101. 

Apr.  13 

11.00  p.m. 
12.00  m. 
1.00  a.m. 

43    53    66 
43    49    00 
43    46    00 

66    48    66 
66    40    00 
66    32    00 

7.78 
7.78 
7.22 

4.17 
3.89 
3.89 

C20102. 

[Yannouth.] 

Apr.  15 

9.00  a.m. 
10.00  a.m. 
n.OOa.m. 
12.00  m. 

43    47    00     66    09    00 
43    40    00     66    16    00 
43    34    00     66    22    00 
43    27    00     66    29    00 

1 

la  00 

laoo 

9.44 

la  00 

3.89 
3.89 
3.89 
3.89 

C20ia9. 

3.00  p.m. 
4.00  p.m. 
5.00  p.m. 

43    18    00 
43    16    00 
43    14    00 

66    26    00 
66    17    00 
66    08    00 

8.89 
8.89 
8.33 

3.80 
3.89 
3.61 

C20104. 

8.00  p.  m. 

43    06    00 

65    50    00 

7.22 

3.33 

C20105. 

11.00  p.  m. 
12.(»  m. 

42    53    00 
42    44    00 

66    59    66 
66    01    00 

8.83 
8.83 

3.33 
3.33 

Apr.  16 


Apr.  1: 




2.00  a.m. 
3.00  a.m. 
4.00  a.m. 

I  42 
42 
42 

36 
29 
22 

00     66 
00  ,  66 
00     66 

01 
02 
02 

00 
00 
00 

7.22 
7.22 
7.22 

7.00  a.m. 

1  ^ 

11 

66     66 

03 

00 

i6.*66 

3.8U 

8.00  a.m. 

42 

04 

00     66 

(H 

00 

ia56 

3.89 

10.00  a.m. 

41 

65 

66     66 

05 

00 

ia66 

4.17 

n.OOa.m. 

41 

50 

00     66 

05 

30 

11.67 

4.17 

12.00  m. 

41 

44 

001  66 

06 

00 

11.67 

4.17 

1.00  p.m. 

41 

39 

00  !  66 

06 

30 

9.44 

4.17 

2.00  p.m. 

41 

33 

00 

66 

07 

00 

laoo 

4.17 

3.00  p.  m. 

41 

28 

00 

66 

08 

00 

laoo 

4.17 

4.00  p.  m. 

l« 

22 

00 

66 

08 

00 

laoo 

4.17 

7.00  p.m. 

;  ^^ 

25 

00 

66 

16 

00 

n.ii 

3.89 

10.00  p.m. 

41 

40 

00 

66 

28 

00 

&89 

3.80 

11.00  p.m. 

41 

46 

00 

66 

32 

00 

8.33 

3.89 

12.00  m. 

;  41 

52 

00 

66 

38 

00 

7.78 

3.80 

i   3.00  a.m. 

42 

03 

00 

66 

46 

00 

7.22 

3.80 

4.00  a.m. 

42 

10 

00 

66 

52 

00 

7.22 

3.80 

6.00  a.m. 

42 

18 

00 

66 

59 

00 

7.22 

3.80 

8.00  a.m. 
9.00  a.m. 

1  *2 
'42 

25 
30 

00. 
00 

67 
67 

05 
12 

00 
00 

7.78 
8.33 

3.61  1 

10.00  a.m. 

42 

36 

00 

67 

18 

00 

8.80 

3.61  ' 

11.00  a.  m. 

42 

42 

00 

67 

24 

00 

8.89 

3.61 

12.00  m. 

42 

47 

00 

67 

31 

00 

8.33 

3.61  : 

3.00  p.m. 

42 

52 

00 

67 

43 

00 

7.22 

3.83 

4.00  p.m. 

42 

50 

00 

67 

54 

00 

6.67 

S.8S  • 

C20106. 

C»107. 
C20108. 


caoioo. 
C2ono. 


C20111. 


020112. 


C20113. 
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SuRPACK  Tempbraturbs  Takbn  While  Under  Wat  During  Atlantic  Cruises, 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920— Continued. 


1 

Temperature  (•C). 

StatUns 

Dat«. 

Hour.        Latitude. 

Longitude. 



between 

which 

-      

Air. 

Surface. 

taken. 

1930. 

•      /      #/ 

Apr.  17 

5.00  p.  m. 
6.00  p.m. 

42    47    00 
42    45    00 

68    06    00 
68    17    00 

7.33 
7.32 

3.33 
8.33 

7.00  p.m. 

42    43    00 

68    29    00 

7.32 

3.33 

C30114. 

io.dd  pVm.  142 '  42  '66' 

'68"'46"66' 

7.'22* 

3.65' 

n.OOp.m.  ;  42    44    00 

68    58    00 

7.22 

3.33 

12.00  m.      ,42    47    00 

69    11    00 

7.22 

3.33 

Apr.  IB , 

1.00b.  m. !  42   44   on 

69    12    00 
69    18    00 

6.67 
6.11 

3.33 
3.33 

2.00b.  m. 

42    39    00 

3.00  a.m. 

42    37    00 

69*28    00 

6.11 

3.33 

C20115. 

*  6.dda.'inV 

*42'32'"66" 

'69":i8"66' 

6.*67" 

3.'33' 

7.00  b.  m. 
8.00  a.m. 
9.00  a.m. 

42    24    00 
42    16    00 
42    09    00 

60    45    00 
69    51    30 
69    45    00 

6.67 
6.11 
6.11 

C20116. 

"w.dom." 

■42'  06" '66* 

'69* '-is' 66" 

7."78' 

3.'33* 

C20117. 

*  3,00  p.  mV 

■42* '67" '36' 

*76"  69"66" 

8."86* 

8.05' 

4.00  p.m. 

42    04    00 

70    17    00 

8.89 

3.05 

[Province- 
town.l 

.\pr.  20 

C20118. 

Mf^  W 

'io'eoaVinV 

'42""2fl'*66" 

'76  "41  "66' 

io.o*" 

8.'89" 

C20123. 

'  'i!66  p.m. 

'42" '28*  "66" 

'76  "35"66* 

26*6" 

i6.'66* 

C20124. 

i.odpVm. 

*42  'io  "66  '69  '57'  66 

i3."3" 

i'oo' 

9.00  p.m. 

42    05    00  ;  69    62    00 

10.6 

9.2 

C20125. 

ii'.oom."' 

■4!  "63"  66' "69" '39"  66' 

ii's" 

8.'3  * 

May  17 

1.00  a.m. 

41'  47    00     69    32    00 

12.8 

8.3 

2.00  a.m. 

41    40    00     69    24    00 

12.8 

8.3 

C20126. 

4.'(»a.'m. 

"4i"*35""66'*69'"26  "66* 

ii's"' 

8.3" 

5.00a.m. 

41    28    00     69    13    00 

12.8 

8.3 

C20127. 

'  8.0) a.m." 

"4i*'i7""66  ,'69' 63""66' 

iio" 

8.'3'* 

9.00B.m.- 

'41    09    00  1  69    02    00 

13.3 

7.8 

C2012S. 

i'.OO  p.  m". 

"46"*27'66"  '68"  "55" '66' 

i3.'9  " 

8.*9  " 

6.00p.m. 

40    18    00     68    58    00 

12.8 

8.3 

7.00  p.m. 

40    09    00     69    02    00 

12.2 

8.3 

C20129. 

lO.dd  p.m.* 

*46''6i  "66'|"69"'i2""66' 

ii.'7"" 

7."8" 

n.OOp.m. 

39    57    00  1  69    21    00 

12.3 

7.5 

12.00  m. 

39    53    00  1  09    31    00 

12.3 

7.8 

May  18 

1.00a.m. 
2.00  a.m. 

39    49    00 
30    45    00 

09    40    00 
69    49    00 

12.3 
13.3 

7.8 
7.8 

3.00  b.  m. 

39    40    00 

69    58    00 

13.8 

7.8 

4.00  a.m. 

39    36    00 

70    08    00 

13.8 

8.3 

ft.OOa.m. 

30    32    00 

70    17    00 

14.4 

8.9 

6.00  a.m. 

39    28    00 

70    26    00 

17.2 

8.9 

7.00  b.  m. 

39    24    00 

70    34    00 

17.8 

8.9 

8.00  a.m. 

39    20    00 

70    44    00 

19.4 

10.0 

9.00  a.m. 

39    16    00 

70    53    00 

20.0 

lao 

10.00  a.m. 

39    12    00 

71    02    00 

15.0 

11.1 

11.00  a.m. 

39    06    00 

71    11    00 

30.0 

11.1 

12.00  m. 

39    04    00 

71    20    00 

2a6 

12.8 

1.00  p.m. 

38    59    00 

71    30    00 

20.6 

12.8 

2.00  p.m. 

38    55    00 

71    39    00 

30.6 

12,8 

3.00  p.m. 

38    50    00 

71    47    00 

20.6 

12.8 

4.00  p.m. 

38    46    00 

71    67    00 

20.0 

12.8 

5.00  p.m. 

38    42    00 

72    06    00 

20.0 

13.0 

6.00  p.m. 

38    38    00 

72    15    00 

18.3 

13.9 

7.00  p.m. 

38    34    00 

72    24    00 

17.8 

13.9 

8.00  p.m. 

38    30    00 

72    34    00 

16.7 

12.5 

9.00  p.m. 

38    26    00 

72    44    00 

15.6 

11.7 

• 

10.00  p.m. 

38    22    00 

72    54    00 

15.0 

11.7 

n.OOp.m. 

38    19    00 

73    00    00 

15.0 

n.7 

May  19 

12.00  m. 

38    15    00 

73    00    00 

15.0 

12.2 

1.00  b.  m. 

38    11    00 

73    18    00 

15.6 

12.2 

3.00  b.  m. 

38    08    00 

73    26    00 

15.0 

13.0 

3.00a.m. 

38    04    00 

73    26    00 

l&O 

13.0 
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SuEPACE  Temperatures  Taken  Whilb  Under  Wat  During  Atlantic  CRUissa, 
South  from  Norfolk,  1919,  and  North  from  Norfolk,  1920 — Continued. 


I 

Temperal 

uro(T.). 

SUtions 

Date. 

Hour.        Latitude.  .  Ixingitude. 

between 



Air. 

Surfiioe. 

taken. 

ll'20. 

Q          /            //     !        0          /            // 

May  19 

4.00a.m.    38   00   00  i  74    45    00 

15.0 

11.7 

5.00  a.  m. 

37    56    00 

74    53    00 

15.0 

11.7 

6.00  a.m. 

37    52    00 

74    02    00 

15.0 

U.7 

€20130. 

8.00  a.m. 

37    48    00 

74    11    00 

16.1 

12.2 

9.00  a.m. 

37    43    00 

74    20    00 

17.2 

12.2 

10.00  a.m. 

37    37    00 

74    29    00 

17.8 

12.2 

11.00  a.m. 

37    32    00 

74    39    00 

18.3 

12.2 

12.00  m. 

37    27    00 

74    48    00 

17.8 

•       12.2 

1.00  p.m. 

37    22    00 

74    57    00 

1&8 

12.2 

2.00  p.m. 

37    16    00 

75    06    00 

18.3 

12.2 

3.00  p.m. 

37    11    00 

75    15   00 

17.8 

12.5 

4.00  p.m. 

37    06    00 

75    25    00 

18.3 

13.3 

5.00  p.m. 

37    01    00 

75    34    00 

18w3 

13.3 

6.00  p.m. 

37    04    00 

75    42    00 

18.3 

13.9 

7.00  p.  m. 

37    01    00 

75    52    00 

18.3 

13.3 

[Cape  Gharles.] 
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PRESERVATION  OF  nSH  NETS. 


By  Habden  F.  Tatlob,  Assistant  for  Developing  Fisheries  <md  for  Saving  and 
Use  of  Fishery  Products,  U,  S.  Bureau  of  Fisheries, 


Contribution  from  the  Fishery  Products  Laboratory,  Washington,  D.  C. 


INTRODUCTION. 

The  art  of  net  preservation  grew  up  long  ago,  as  it  might  be 
expected  inevitably  to  do,  where  it  was  necessary  to  make  fishing  gear 
of  nonliving  plant  fibers  that  are  exposed  to  the  destructive  effects 
of  water,  air,  and  sunlight.  The  word  "  art "  of  net  preservation  as 
distinguished  from  "  science  "  of  net  preservation  is  used  advisedly ; 
one  needs  to  see  only  the  multiplicity  of  recipes  for  curing  or  preserv- 
ing nets  to  be  convinced  that  the  processes  belong  to  the  same  class 
as  cookery  or  home  treatment  of  diseases,  where  each  locality  and 
often  each  family  has  its  own  recipes  or  formulas,  which  are  tena- 
ciously adhered  to  and  believed  in.  The  many  recipe  found  in  the 
literature  represent  the  fisherman's  efforts  to  make  his  expense  and 
labor  count  tor  more  by  prolonging  the  life  of  the  net  and  reducing 
his  overhead  expenses. 

The  i>urpose  of  this  paper  is  not  to  collect  all  these  old  recipes  for 
preserving  nets,  but  rather  to  review  the  literature  of  the  subject  and 
to  present  the  fundamental  principles  in  the  light  of  chemistry  so  far 
as  they  are  known,  and  to  give  for  use  those  recipes  which,  from  a 
chemical  standpoint,  seem  best  calculated  to  serve  their  purpose.  It 
will  be  seen  that  while  many  methods  as  practiced  are  empirical  and 
crude,  tihey  nevertheless  contain  the  germ  of  correct  chemistry,  and 
not  a  little  process  has  been  made  in  improvement  of  technique  by 
chemists,  notably  Thv.  Lindeman  and  Henrik  Bull  in  Norway  and 
J.  T.  Cimningham  in  England.  Most  of  the  work  has  been  done  by 
the  Norwegians ;  as  a  matter  of  fact,  only  one  important  paper,  that 
of  Cunningham,  has  been  found,  in  any  language  other  than  Nor- 
wegian, as  shown  by  the  list  of  references  at  the  end  of  this  paper. 

NATURE  OF  DISINTEGRATION  OF  NETS. 
MECHANICAL  WEAR  AND  TEAR. 

Before  considering  the  various  treatments  that  are  given  nets  to 
prolong  their  usefulness,  it  may  be  profitable  to  consider  the  nature 
of  the  wear  and  tear  that  ruins  nets.  Obviously  mechanical  wear  is 
one  of  the  gneat  enemies  of  nets.  The  threads  rub  against  one  an- 
other, against  the  gunwales  of  the  boat,  and  against  the  floats  and 
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leads ;  this  rubbing  slowly  abrades  the  threads  and  wears  them  out. 
Actual  breakage  by  being  caught  on  snags  or  by  the  struggles  of 
large  fish  and  the  like  must  be  reckoned  with;  such  breakings^  of 
course,  become  more  numerous  when  the  net  becomes  weaker  by  rot- 
ting. A  factor  in  the  destruction  of  nets  that  is  sometimes  over- 
looked may  also  be  mentioned  here :  That  when  the  threads  are  coated 
with  thick  tars  and  the  like  the  total  weight  of  the  net  •is  greatly 
increased  and  the  preservative  action  of  the  tar  is  thus  in  part  neu- 
tralized, the  pull  of  the  extra  weight  being  added  to  other  strains 
that  may  break  the  threads. 

BACTERIAL  DEOOMPOSITION. 

But  of  more  importance  than  mechanical  wear  and  tear  in  shorten- 
ing the  life  of  nets  is  the  action— chemical  in  nature — of  water  and 
air,  aided  by  other  agencies,  particularly  bacteria,  in  causing  a  weak- 
ening and  rotting  of  the  fibers.  This  rotting  deserves  very  careful 
study,  for  it  d^roys  nets  long  before  they  would  otherwise  be 
destroyed  by  mechanical  wear  and  tear,  and  its  nature,  while  exceed- 
ingly complex,  must  be  understood,  at  least  in  part,  before  remedial 
measures  can  be  taken  intelligently. 

Up  to  this  point  chemistry  has  made  some  progress,  and  some 
valuable  work  has  been  done  on  the  chemistry  of  preserving  mate- 
rials, but  as  a  whole  the  fishing  industry  has  never  taken  veir 
kindly  to  chemistry,  and  most  or  the  work  that  bears  useful  fruit 
for  the  net  preserver  has  been  incidental  to  work  in  other  important 
fields — the  tanning  of  leather,  bacteriology,  and  textile  science.  We 
must  admit  frankly  that  we  know  very  little  directly  about  the  inti- 
mate nature  of  the  rotting  of  nets. 

In  the  discussion  of  bacterial  decomposition  let  it  be  assumed  that 
cotton  nets  are  being  considered,  because  it  is  chiefly  nets  of  this 
material  that  need  preserving.  They  consist  of  fine  fibers  of  almost 
pure  cellulose,  a  substance  very  close  to  starch  in  composition,  differ- 
ing from  it  chiefly  in  being  insoluble  in  water  under  all  ordinary 
conditions,  while  starch,  by  simple  treatment,  may  be  made  to  dis- 
solve. Cellulose  can  be  made  soluble  in  different  liquids  by  severe 
chemical  treatments.  As  bacteria  are  also  capable  of  dissolving  or 
rotting  the  fibers  some  detailed  consideration  will  be  given  to  their 
mode  of  action. 

Bacteria  are  plants,  so  very  small  that  they  can  be  seen  only  by 
the  aid  of  a  microscope ;  they  are  not  provided  with  many  parts,  as 
are  the  large  plants  of  our  acquaintance,  as  they  have  no  roots,  leaves, 
bark,  or  flowers ;  they  are  simple^  little  rods  or  spheres,  movable, 
reproducing  under  favorable  conditions  with  the  greatest  rapidity. 
They  have  no  claws,  mouth,  jaws,  teeth,  or  any  other  offensive 
weapons.  How,  then,  do  they  do  the  great  damages  that  they  are 
accused  of?  In  a  most  interesting  ana  important  way.  We  know 
that  land  plants  take  nourishment  from  the  groimd  and  air  by  im- 
bibing it  and  that  they  have  no  mouths  or  offensive  weapons.  So 
do  bacteria,  by  absorbing  or  soaking  up  the  food  on  which  they  live. 
But  anything  to  be  absorbed  must  first  be  made  liquid,;  solids  can 
not  be  soaked  up,  and  it  happens  that  very  few  natural  foods  are 
liquid.    So  the  bacterium  must  secrete  a  digestive  juice  that  causes 
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the  solid  food  surrounding  it  to  liquefy,  whereupon  the  liquid  food 
is  absorbed.  This  digestive  juice  acts  in  a  way  similar  to  that  of  the 
human  digestive  juice,  and  tor  the  same  purpose;  the  principal  dif- 
ference between  our  own  digestion  and  that  of  bacteria  is  that  ours 
takes  place  inside  our  bodies  after  the  food  is  taken  in,  while  the 
bacteria  digest  it  before.  So  after  all  there  is  nothing  incredible 
about  it.  Most  bacteria  are  equipped  for  using  a  particular  class  of 
foods— they  are  meat  eaters,  sugar  eaters,  starch  eaters,  fat  eaters — 
and  they  do  not  mix  foods.  They  are  able  to  secrete  a  digestive 
juice  capable  of  liquefying  that  particular  food  on  which  they  live. 

Now,  from  what  has  fa^n  said,  it  is  easy  to  see  that  the  damage 
done  to  nets  by  bacteria  must  be  done  in  either  one  of  two  ways,  viz, 
the  digestive  juice  itself  or  some  of  the  changed  products  of  digestion 
must  attack  the  nets  or  else  the  waste  products  thrown  off  from  the 
bacteria  themselves  (and  some  of  these  are  active  or  virulent  chemi- 
cals) must  do  so.  If  the  digestive  juices  attack  the  cellulose  fibers  of 
the  net,  of  course  the  fibers  are  dissolved,  and  this  dissolution  would 
be  a  very  effective  rotting.  At  any  rate,  what  has  already  been  said 
constitutes  about  all  that  can  confidently  be  said  about  the  intimate 
nature  of  bacterial  decomposition  of  nets.  If  any  more  is  to  be 
known  about  it,  a  study  must  be  undertaken. 

For  preserving  nets  against  bacteria  a  number  of  possibilities  sug- 
gest themselves.  Since  bacteria  require  water  for  activity,  it  is  plain 
that  if  we  keep  the  nets  dry  as  much  as  possible  we  lessen  the  de- 
composition. But  since  the  use  of  fish  nets  requires  them  to  be  wet, 
another  step  may  be  taken  against  the  bacteria.  It  is  possible  to 
impregnate  the  fibers  with  substances  that  are  poisonous  to  bacteria, 
or,  quite  as  effective,  which  spoil  the  activity  of  the  digestive  juices 
proauced  by  bacteria.  Creosote  and  substances  containing  copper 
have  been  used  for  this  purpose.  Another  method  of  preventing  the 
destructive  action  of  bacteria  is  to  make  the  fibers  insoluble  and 
proof  against  the  digestive  action  of  bacteria.  For  hardening  the 
fibers  and  making  them  harmful  and  indigestible  to  bacteria,  tanning 
barks  and  extracts,  such  as  birch  bark,  catechu,  quebracho,  quercitron, 
etc.,  have  been  used.  These  will  be  considered  in  detail  later.  Mean- 
while other  methods  of  resisting  the  action  of  bacteria  are  to  cover 
the  fibers  with  a  protective  coating,  such  as  tar,  linseed  oil,  etc. 

OXroATION. 

Another  enemy  to  nets  is  oxidation.  The  air  consists  of  one-fifth 
oxygen,  a  colorless  gas,  which  supports  all  fire  and  also  is  the  active 
constituent  of  our  breath.  When  one  "  sets  fire  to "  a  combustible 
material  one  so  heats  a  small  part  of  the  material  that  the  oxygen 
of  the  air  combines  directly  with  it.  This  combining  releases  more 
heat,  which  in  turn  hastens  the  combining  of  more  oxygen  with  still 
more  of  the  material,  and  so  on,  until  the  material  is  burning.  While 
most  combustible  suostances  either  burn  rapidly  or  not  at  all,  some 
things  may  oxidize  slowly.  For  example,  when  nets  are  stored  wet, 
covered  with  herring  oil,  bloody  and  slime,  all  of  which  are  easily 
oxidizable,  the  oxygen  of  the  air  combines  with  these  fish  residues 
and  probably  also  with  the  net.  A  heating  thus  begins,  and  the  nets 
may  even  take  fire;  if  not,  the  heat  generated  may  be  sufficient  to 
weaken  or  destroy  thenu 
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To  prevent  this  oxidation  it  may  be  sufficient  to  coat  the  nets  with 
a  covering  like  tar  or  linseed  oil ;  it  is,  however,  probable  that  tan- 
ning the  fibers  makes  the  fibers  less  likely  to  heat.  The  simple  pre- 
caution of  washing  the  nets  clean  and  drying  them  while  spread  out 
is  usuallv  sufficient  to  prevent  damage  from  overheating. 

It  is  further  possible  that  the  products  formed  by  the  decomposi- 
tion of  fish  slime  and  oil  are  injurious  to  nets. 

Scarcely  any  treatment  will  confine  itself  to  preventing  any  one 
of  the  attacks  on  nets  mentioned  above,  but  should  be  directed  toward 
prevention  of  all  causes  of  disintegration.  The  successful  process 
must  (a)  destroy  bacteria  or  prevent  their  action,  (6)  make  the 
threads  insoluble  and  proof  against  the  digestive  action  of  bacteria, 
and  (c)  prevent  oxidation  by  coating  the  fibers  or  making  them 
proof  against  oxidation. 

COLORING  OF  NETS. 

Before  consideration  is  given  to  net-preserving  materials,  another 
purpose  of  curing  nets  should  be  mentioned.  W^en  nets  are  treated 
or  cured,  their  color  is  usually  changed,  and  it  is  argued  that  a  less 
conspicuous  net  is  less  likely  to  frighten  away  fish.  This  is  a  dis- 
puted point  (see  Jessen,  1910),*  though  it  might  seem  perfectly 
natural  that  an  invisible  or  poorly  visible  net  would  be  less  likely  to 
frighten  fish.  It  must  be  remembered,  however,  that  a  fish  does  not 
see  through  human  eyes  but  through  fish  eyes  and  that  a  color  that 
is  conspicuous  to  our  eyes  might  not  be  readily  discerned  by  a  fish. 
The  French  sardine  fishermen  use  (at  least  they  did  several  years  ago) 
a  combination  of  soap  and  bluestone  that  imparted  a  bnght  green 
color  to  the  nets ;  it  was  claimed  that  these  caught  more  fish  than  nets 
not  dyed.  The  Norwegians  have  a  word,  "  fiskelig,''^  that  they  apply 
to  nets  that  are  good  catchers  of  fish,  feluestone  is  applied  to  nets 
(by  methods  to  he  mentioned  later)  to  make  them  fiskelig  by  mak- 
ing them  bluish  green.  This  is  done,  of  course,  on  the  assumption 
that  if  the  net  is  in  color  similar  to  sea  water  the  fish  can  not  see  it 
well  and  so  do  not  avoid  it. 

Many  scientific  investigations  have  been  conducted  to  determine 
whether  fishes  can  distinguish  colors  or  not.  Most  of  the  evidence 
goes  to  show  that  they  can ;  but  perhaps  they  can  see  fewer  colors 
than  humans  can.  Some  investigators  have  secured  evidence  that 
fishes  do  not  distinguish  color  but  that  they  get  different  amounts 
of  light  from  different  colors.  Thus,  a  bright  green  would  give  more 
light,  or  appear  lighter  in  shade,  than  a  dark  red,  though  a  fish  could 
get  no  effect  of  greenness  or  of  redness.  It  is  also  possible,  even 
probable,  that  different  kinds  of  fish  have  different  aoilities  to  see 
colors.  Thus,  it  is  argued,  light  does  not  penetrate  very  deep  into 
water,  and  so  fishes  living  at  some  depth  could  not  see  colored  ob- 
jects, even  if  they  had  eyes  equipped  for  color  vision;  and,  since 
nature  does  not  commonly  provide  useless  organs  or  powers,  color 
vision  is  not  among  the  accomplishments  of  bottom-living  fishes. 

«  Author's  name,  with  year  mentioned  In  parenthesis,  refers  to  the  "  Citation  of  Liter- 
ature'* at  the  end  of  this  paper.  B'or  example:  Jessen  (1910)  refers  to  the  paper  dt 
Peter  Jessen,,  published  In  1010,  a  reference  to  which  will  be  found  at  the  ena  of  tbis 
paper. 
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But  it  is  not  necessary  to  go  further  into  this  disputed  subject.  It 
stands  to  reason  that  fish  perceive  differences  of  brightness,  and 
probably  of  color,  and  that  if  we  make  a  net  similar  to  ^ea  water  in 
both  shade  and  color  it  will  not  be  so  readily  visible.  Those  who 
might  wish  to  go  into  this  subject  are  referred  to  the  article  by 
Beeves  (1919). 

PRESERVATION  OP  NETS  BY  TANNING  MATERIALS. 

The  materials  most  widely  used  for  curing  nets  are  tanning  ma- 
terials— ^barks  of  birch,  oak,  spruce,  hemlock;  extracts  of  bark  or 
wood,  such  as  catechu,  quercitron,  quebracho,  and  the  like.  For  pre- 
^rving,  the  original  process  consisted  of  immersing  or  soaking  the 
net  in  a  decoction  of  bark,  or  in  a  solution  of  the  extract.  One  of  the 
earliest  methods  was  the  so-called  ^^cold-tanning,"  a  slow  process 
described  bv  Aase  (1912) .  This  writer  says  that  the  old  Norse  fisher- 
men used  the  same  nets  over  and  over  for  from  30  to  50  years.  He 
also  says  that  while  much  of  this  superiority  of  their  nets  might  be 
explained  by  the  fact  that  their  thread  was  selected  and  spun  by  hand, 
and  therefore  better  than  modem  machine-spun  threads,  the  differ- 
ence between  those  times  and  the  present,  when  one  is  lucky  to  use  a 
net  for  from  3  to  10  years,  is  too  great  to  be  explained  by  the  home- 
spun theory.  He  accounts  for  the  difference  by  the  cold-tanning 
process,  described  as  follows : 

OOIJ>  TANNING. 

Every  net  owner  had  his  own  large  tanning  vessel,  which  provided  a  place 
for  both  bark  and  net.  In  this  vat  was  placed  as  much  water  as  there  was  use 
for,  and  to  every  barrel  of  water  was  added  li  vog  (1  vog=86  pounds)  of  birch 
bark,  well  broken  up.  This  was  aUowed  to  stand  four  or  five  weeks,  but  was 
daily  stirred  around  with  a  stick  so  that  it  could  not  become  thick  and  slimy. 
The  nets  were  put  into  this  mixture.  In  the  bottom  of  the  vat  a  hole  was  pro- 
vided 80  that  the  finished  liquor  could  be  tapped  Into  a  tub  and  poured  back  over 
the  net  to  cover  thoroughly  the  upper  part  of  the  net  which  otherwise  might 
not  come  under  the  bark.  The  net  remained  In  this  vat  two  or  three  days,  and 
every  day  the  liquor  was  poured  over  It  several  times. 

Such  a  barking  gives  little  color,  but  makes  the  net  hard.  To  produce  the 
desired  color  It  must  not  go  into  the  bark  a  single  time  only.  Nay,  it  must  be 
dried  and  again  laid  in  the  tan  vessel  if  there  is  any  bark  left,  as  many  as 
four  or  five  times.  After  it  is  dried  it  Is  dipped  Into  the  sea,  and  it  now  takes 
on  Its  right  color  for  the  first  time — a  color  it  will  hold  for  years.  If  the  barking 
is  repeated  every  year  the  net  becomes  harder  and  harder  as  it  grows  older. 

The  method  takes  a  long  time,  and  demands  much  labor;  when  more  and 
greater  nets  began  to  be  used,  and  prices  of  birch  bark  also  rose,  other  methods 
of  barking  began  to  be  tried. 

HOT  TANNING. 

The  next  step  in  the  development  of  processes  of  net  curing  was 
the  onployment  of  a  warm  barking.  The  bark  is  boiled,  and  the 
nets  are  treated  in  the  hot  decoction.  Aase  is  authority  for  the  state- 
ment that  ^^  with  this  method  of  tanning  the  net  acquires  color  and 
hardness  with  one  treatment,  and  much  time  can  by  this  method  be 
saved.  But  experience  has  shown  that  warm  tanning  does  not  endure, 
by  a  great  deal,  so  long  as  cold  tanning." 


Digitized  by 


Google 


8  U.  S.  BUREAU  OF  FISHERIES. 

Then  the  extract,  catechu,  came  into  use.  This  extract  is  not  so 
bulky,  is  readily  soluble  in  water,  and  has  been  used  successfully.  The 
methods  as  practiced  varied  greatly,  the  variations  being  apparently 
not  based  on  any  particular  reason.  In  general,  the  extract  is  dis- 
solved in  water — 1  pound  of  catechu  to  from  1  to  3  gallons  of  hot 
water — and  applied  to  the  nets. 

Nets  preserved  with  tanning  extracts  are  brown  or  tan  in  color  and 
are  more  resistant  to  decay  than  untreated  nets,  as  will  be  seen  in 
figures  to  be  given  later.  The  tan,  however,  washes  out,  and  it  is 
necessary  to  repeat  the  treatment  often. 

CHEMISTRY  OF  TANNING  MATERIALS. 

Before  going  further  with  the  methods  of  curing  nets  with  tanning 
materials,  it  will  be  necessary  to  consider  the  chemistry  of  the  latter. 

It  is  not  improbable  that  the  treatment  of  nets  by  tanning  was  in- 
duced by  the  success  of  the  treatment  of  animal  skins  by  such  ma- 
terials to  make  leather.  Tanning  materials  are  bark  or  other  parts 
of  various  trees  which  produce  a  reddish  or  brownish  solution  when 
steeped  in  cold  water.  There  is  scarcely  a  tree  or  shrub  in  some 
part  of  which  tanning  substances  are  not  found. 

The  action  of  those  materials  may  be  illustrated  by  their  effect  on 
leather.  Untanned  hide  when  boiled  for  some  time  is  nearly  all 
dissolved;  after  it  has  been  treated  with  tan  liquor  it  is  scarcelj^ 
affected  by  boiling.  When  untanned  hide  is  left  in  a  moist  condi- 
tion for  some  time  it  putrefies ;  tanned  hide  does  not.  Thus  a  hide 
that  is  soluble  in  boilmg  water  and  putrefies  in  cold  water  is  con- 
verted by  tanning  into  aTiide  which  is  neither  dissolved  in  hot  water 
norputrescible  in  cold.  Just  how  these  great  differences  are  brought 
about  can  be  illustrated  by  the  effect  of  tanning  materials  on  ^latin 
or  glue.  If  a  tanning  extract  be  added  to  a  solution  of  gelatin,  the 
latter  is  coagulated  and  precipitated  and  is  made  permanently  in- 
soluble. Pure  untreated  gelatin  readily  swells  in  cold  and  dissolves 
in  warm  water  and  easily  decomposes  if  left  wet.  But  this  tanned 
precipitate  is  resistant  to  the  action  of  water  and  does  not  decom- 
pose. How  is  this  important  change  brought  about?  TTie  answer 
IS  given  by  a  pair  of  balances.  If  we  weign  a  dry  piece  of  gelatin, 
dissolve  it,  precipitate  or  curdle  it  with  tan  liquor,  collect  the  pre- 
cipitate or  curd,  wash,  dry,  and  weigh  it,  we  find  that  it  has  increased 
in  weight.  It  can  also  be  shown  that  the  tan  liquor  has  lost  as  much 
weight  as  the  gelatin  has  gained — something  from  the  tan  liquor 
combined  permanently  with  the  gelatin  to  make  the  latter  insoluble 
and  resistant  to  change.  This  something  is  called  tannin.  It  would 
be  more  correct  to  say  these  somethings,  for  there  are  several  tannins, 
all  closely  akin,  all  affecting  gelatin  in  the  same  way.  It  is  they 
that,  acting  on  hides,  convert  the  soluble,  putrescibie  gelatins  in 
hides  into  insoluble  substance,  causing  the  hides  to  become  leather. 

The  earlier  method  of  analyzing  tanning  materials  was  to  treat 
the  solution  with  gelatin.  This  was  done  by  taking  first  a  definite 
volume  of  the  solution  and  evaporating  it  to  dryness  and  weighing 
the  dry  residue;  then  a  like  volume  was  taken  from  a  sample  that 
had  been  treated  with  gelatin,  evaporated  to  dryness,  and  weighed. 
The  sample  that  had  been  treated  with  gelatin  had  lost  weight    The 
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loss  represents,  of  course,  the  substance  taken  up  by  the  gelatin  or 
tannin. 

Since  to  the  leather  tanner  the  chief  item  of  interest  is  the  amount 
of  substance  actually  taken  up  by  hides,  gelatin,  as  a  measure  of  the 
tanning  power  of  materials,  has  been  supplanted  by  hide  powder, 
which  is  clean  oxhide  dried  and  ground  in  a  suitable  mill.  The 
lii^uor  is  drawn  through  this,  and  the  difference  in  the  weight  of 
dried  residue  is  noted  and  recorded  as  tannin.  Account  is  also 
taken  of  the  difference  between  weights  of  the  liquor  and  dried  resi- 
due, this  difference  representing  water.  There  is  also  given  the  per- 
centage of  matter  that  does  not  dissolve  in  cold  water,  but  which  was 
filtered  off  of  the  liquor.  Thus  an  analysis  of  a  tanning  material 
intended  to  represent  its  value  for  leather  tanning  gives  four  figures, 
of  which  the  following  is  a  typical  example  (Cimningham,  1902) 
of  Burmah  cutch  or  catechu : 

Per  cent 

Tannins ^ 46.6 

Nontannlns 20. 0 

Insoluble 11.5 

Water y. 21. 9 

Total 100. 0 

There  are  some  very  significant  differences  between  the  treat- 
ment given  to  hides  in  making  leather  and  that  given  to  nets  to 
preserve  them  and  in  the  behavior  of  the  treated  materials.  Hides, 
once  they  have  taken  up  tannins,  never  let  go,  even  though  they 
are  boiled  or  soaked  in  water;  nets,  however,  lose  their  tanning 
materials  rapidly  in  water,  so  that  they  must  be  tanned  repeatedly 
if  the  method  used  for  treating  them  is  the  same  as  that  used  for 
treating  leather.  It  is  thus  obvious  that  the  tannin  does  not  com- 
bine in  nets  with  any  gelatin  or  other  similar  substance,  but  rather 
is  merely  deposited  in  the  fibers.  There  is  another  important  dif- 
ference: Hides  are  tanned  in  a  cold  decoction  of  tan  bark  or  ex- 
tract, while  nets  are  usually  treated  in  hot  liquors. 

When  catechu,  for  example,  is  dissolved  in  cold  water,  there 
always  remains  a  residue,  which  appears  in  the  analysis  given 
above,  as  "  insoluble."  If  the  solution  is  heated  to  boiling,  nearly 
all  of  this  apparently  insoluble  material  dissolves,  only  some  pieces 
of  leaves,  sticks,  and  sand  remaining.  If  the  liquor  is  cooled  off, 
the  insoluble  material  again  separates  from  solution.  There  is 
thus  a  comparatively  large  amount  of  substance  insoluble  in 
cold  water  but  soluble  in  hot  water.  Upon  examination,  this  sub- 
stance, catechin,  is  found  to  be  an  active  tanning  material,  and  for 
the  purpose  of  net  preserving  is  better  than  that  which  is  soluble 
in  cold  water,  because  it  will  not  dissolve  out  in  use.  Cunning- 
ham tried  to  nx  the  tannin  in  nets  by  first  impregnating  them  with 
glue  (which  is  crude  gelatin)  and  then  treating  them  with  catechu. 
The  effort  resulted  in  failure,  apparently  because  the  glue  did  not 
penetrate  the  fibers. 

The  coloring  matters  in  barks  and  extracts  are  independent  of 
the  tannins  and  have  no  tanning  power.    Pure  tannin  (gallotannic 
acid  from  nut  galls)  is  a  light  grayish  yellow  flaky  powder,  easily 
soluble  in  water. 
14862**— 21 2 
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Since  the  value  of  tanning  material  for  net  preservation  depends 
upon  the  abundance  of  tannins,  analyses  should  support  important 
purchases.  The  following  are  analyses  made  of  different  samples 
of  catechu,  or  cutch,  by  Cunningham,  using  the  hide-powder  method : 


Bunnab. 


Tuan. 


Mudah. 


Caner 
HeRiii. 


Tannins per  cent. . 

Nontannins do 

Insoluble do 

Water do.... 

Total do.... 

Strength  after  eacposuro pounds:  oimoes. . 

Strength  after  exposure Idlocrams . . 


46.6 
20.0 
U.6 
21.0 


46.0 
0.8 
17.1 
27.1 


46.3 

15.6 

4.8 

34.4 


sas 

14.0 

2.2 

32.1 


100.0 


100.0 


100.0 


100. 0 


5-6 
2.437 


8:0 
3.620 


2;4 


2;9 

1.161 


It  is  seen  from  the  above  table  that  there  is  a  considerable  differ- 
ence between  the  values  of  the  various  samples  of  catechu,  a  fact 
equally  true  of  other  tanning  extracts.  The  last  two  figures  under 
each  sample  (which  the  writer  has  given  also  in  kilograms  for  con- 
venience in  comparing  with  the  Norwegian  figures  that  are  to  follow 
later)  represent  oreakm^  strensrth.  Cunningham  explains  as  follows 
how  these  figures  were  obtained : 

In  order  to  test  the  actual  preserving  power  of  different  samples  of  cutch, 
I  adopted,  in  my  investigations  in  Ck)rnwall,  the  following  method :  I  procured 
a  machine  for  testing  the  strength  of  a  net  before  and  after  the  experiments. 
The  principal  part  of  such  a  machine,  which  Is  called  a  dynamometer,  is  of 
the  nature  of  a  spring  balance.  One  mesh  of  the  net  is  attached  to  the  balance, 
the  other  at  a  certain  distance  to  a  hook  or  knob  which  can  be  pulled  away 
gradually  by  turning  a  handle.  As  the  strain  increases  the  hand  on  the  dial 
of  the  balance  indicates  in  pounds  and  ounces  the  weight  which  Is  equal  to  the 
strain  until  one  of  the  meshes  breaks,  when  the  hand  shows  the  number  of 
pounds  equal  to  the  breaking  strain. 

In  comparing  the  value  of  the  different  materials  or  processes  of  curing,  I 
took  pieces  cut  from  the  same  net,  and,  therefore,  when  new,  of  the  same 
strength,  cured  them,  then  fastened  them  by  mooring  at  the  bottom  of  Newlyn 
Harbor.  After  they  had  been  under  water  a  certain  time  the  pieces  were  taken 
up  and  tested  on  the  dynamometer  and  found  to  be  of  very  different  strengths, 
which  showed  the  differences  in  the  preserving  properties  of  the  various  mate- 
rials or  processes. 

One  of  the  earliest  experiments  carried  out  on  this  method  proves  the  pre- 
serving power  of  that  part  of  cutch  which  is  insoluble  in  cold  water.  So  far 
as  I  know,  there  is  no  natural  cutch  or  tanning  extract  which  is  completely 
soluble  in  cold  water  for  the  very  good  reason  that  the  cutch  or  extract  Is 
generally  made  by  boiling.  But  some  of  the  red  cutches  put  upon  the  market 
by  the  Borneo  companies  are  almost  entirely  soluble  in  the  cold,  either  because 
they  have  been  chemically  treated  or  because  the  insoluble  part  has  been  re- 
moved from  them. 

In  this  experiment  I  tested  four  kinds  of  cutch  [as  above].  The  last  three 
were  red  or  mangrove  cutches  from  Borneo.  In  evexs  case  the  strength  of  the 
solution  used  was  1  pound  to  1  gallon  of  water,  the  net  was  dipped  twice,  bein? 
left  half  an  hour  in  the  liquor  each  time  and  dried  between  the  two  dips.  The 
pieces  of  cured  net  were  left  under  water,  uncovered  only  at  low  water  in  spring 
tides,  for  five  weeks,  and  then  tested. 

Further  reference  to  the  table  above  will  show  that  the  Caller-Her- 
rin  catechu  which  contained  the  highest  percentage  of  tannin  was 
one  of  the  poorest  in  i)reserving  power  where  the  nets  were  actually 
exposed  for  a  long  time  to  water  and  tested  for  strength.  The 
Tuan  catechu  was  best,  though  it  contained  the  greatest  percentage 
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of  insoluble  matter,  which  would  ordinarily  be  considered  objec- 
tionable. This  fact  shows  that  the  insoluble  matter  may  add  greatly 
to  the  value  of  the  catechu.  The  reason  for  this  superiority  has 
already  been  mentioned.  The  analysis  is  made  by  dissolving  sam- 
ples of  material  in  cold  water,  lliat  which  does  not  dissolve  in 
cold  water  is  recorded  as  insoluble  and  is  useless  to  the  leather  tanner. 
But  a  great  part  of  this  insoluble  matter  is  readily  soluble  in  hot 
water,  and,  inasmuch  as  the  nets  are  treated  in  the  hot  solution,  this 
matter  is  aeposited  in  the  fibers  and  stays  in  the  nets  while  the  cold- 
water-soluble  tannins  wash  out  when  the  nets  are  put  to  use. 

It  will  thus  appear  that  analysis  of  tanning  extracts  made  for  the 
leather  tanner's  purpose  is  not  all  that  could  be  wished  from  the 
fisherman's  point  of  view.  Cunningham  recommends  that  for  the 
use  of  net  preservers  there  be  included  in  the  usual  analysis  a  figure 
representing  the  amount  of  tannins  insoluble  in  cold  but  solubte  in 
hot  water. 

It  might  prove  to  be  profitable  for  chemical  manufacturers  to  go 
a  step  rarther  than  this  by  separating  commercial  catechu  into  two 
parts,  the  cold-water-soluble  part  suitable  for  the  leather  industry, 
and  the  hot-water-soluble  part,  not  suitable  for  leather  tanning,  but 
preferable  for  the  preservation  of  fishing  gear. 

With  the  provision  that  the  hot-water-soluble  tannins  be  considered 
in  making  calculations,  Henrik  Bull's  (1912)  point  may  be  regarded 
as  important;  that  is,  that  when  tanning  extracts  are  bought  oy  the 
pound  without  reference  to  their  content  of  active  tannins,  very  un- 
profitable purchases  may  be  made.  Thus,  if  a  sample  of  catechu  sells 
tot  $0.10  per  poimd,  ana  contains  40  per  cent  tannins,  the  actual  price 
we  pay  for  tannin  is  10/40,  or  $0.25  per  pound.  Further,  as  will  be 
seen  from  the  following  table,  the  cheaper  grades  of  catechu  may 
(but  do  not  necessarily)  furnish  tannin  at  a  price  considerably  higher 
than  would  be  paid  for  actual  tannin  in  more  expensive  grades  of 
extract.* 


Sample. 

IMoeper 
pound. 

present. 

Price  tan- 
nin per 
pound. 

A '                                            .... 

10.09 
.10 
.11 
.12 

35 
45 
55 

65 

90.26 

B ':*.'.:.*.'.;.;...:...: :. 

.22 

<".., 

.20 

D....!!!!!!!*. ".'.;!! '. '. 

.185 

To  calculate  the  actual  cost  of  tannin  where  an  analysis  is  avail- 
able, use  the  formula : 

r>i    J.    ^  J.       ,  J     cost  of  extract  per  pound 

CJost  of  tannin  per  pound = 3— -^ — ^ — ; —  ^ 

percentage  of  tannin  in  extract 

that  is,  divide  the  cost  of  extract  per  pound  by  the  percentage  of 
tannin  in  the  extract,  and  the  quotient  represents  the  cost  per  pound 
of  the  tannin. 

■  The  orifdnal  tablp  is  In  Norwegrlan  0re  per  kilogram  of  extract  Since,  however,  the 
table  is  only  intended  to  represent  a  comparison,  the  writer  has  assumed  suitable  figures 
for  American  readers. 
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TANNING  MATERIALS  USED  FOR  FISH  NETS. 

Up  to  this  point  attention  has  been  given  to  catechu.  There  are 
numerous  other  tanning  materials  put  upon  the  market  as  bark  or 
wood  or  as  extract.  The  extract  may  be  liauid,  solid,  in  lumps,  or  in 
a  fine  powder  prepared  by  a  recently  developed  process.  The  prin- 
cipal tanning  materials,  ai§  given  by  Uunningham,  are : 

Oak  bark,  the  bark  of  the  common  English  oak,  is  largely  used  for  tannlDg 
leather.  The  barks  of  another  species  in  Turkey,  and  of  the  chestnut  oak 
(Quercus  castanea)  of  America  are  also  used.  The  bark  Is  stripped  from  the 
trees  when  they  are  about  15  years  old. 

Hemlock  bark  Is  really  the  bark  of  a  kind  of  pine  abundant  in  America, 
called  Canadian  pine  (Abies  canadensis).  It  is  the  principal  tanning  mate- 
rial of  the  United  States.  The  extract  of  this  material  in  liquid  form  has 
been  recommended  for  net  curing  under  the  name  of  Canada  cutch,  and  is  sold 
in  tins  containing  about  3  pounds  weight 

Mimosa,  or  wattle  bark,  is  obtained  from  various  Mimosse  or  acacia  trees 
growing  in  Australia,  where  this  is  the  staple  tanning  material. 

Quebracho  is  obtained  from  several  kinds  of  South  American  trees.  It  is 
imported  largely  In  the  form  of  both  dry  and  liquid  extracts.   . 

Valonla  consists,  not  of  the  bark,  but  of  the  cups  of  the  acorns  of  a  certain 
oak  {Quercus  wgylops)  growing  in  the  Levant 

Sumach  consists  of  tlie  leaves  of  a  plant  dried  and  ground.  The  plant  grows 
in  the  south  of  Europe. 

Gambler,  or  terra  japonica,  is  a  dry  extract  prepared  from  the  leaves  and 
twigs  of  a  tree  cailled  Uncaria  gambier  in  the  Malay  Peninsula.  It  is  imported 
from  Singapore.  There  are  two  forms,  block  gambier.  In  large  masses,  and 
cube  gambler,  in  small,  light-yellow  cubes.  It  is  not  much  used  for  net  curing, 
but  I  believe  has  been  used  in  former  times  at  some  places,  such  as  Clovelly, 
under  the  name  of  catechu. 

True  cutch,  or  catechu,  is  a  dry  extract  made  from  the  wood  of  a  tree  called 
Acacia  catechu,  which  grows  in  Ipdla  and  Burmah.  It  may  be  distinguished 
as  Burmah  cutch,  as  its  manufacture  is  carried  on  chiefly  by  natives,  according 
to  their  own  traditional  methods,  in  Burmah.  It  is  imported  from  Rangoon. 
Until  recently  It  was  used  everywhere  around  the  British  coasts  for  net  curing, 
and  was  used  in  far  larger  quantities  than  any  other  tanning  material. 

Red  cutch  or  mangrove  cutch  is  made  from  the  bark  of  mangrove  trees, 
which  grow  in  swamps  at  the  mouths  of  rivers  in  tropical  countriea  This 
cutch  Is  now  manufactured  extensively  by  two  British  companies  in  Borneo, 
and  is  largely  used  for  net  curing,  having  replaced  Burmah  cutch  to  a  consid- 
erable extent.  . 

Myrobalans,  dlvi-divl,  and  algarobilla  are  raw  materials  consisting  of  the 
dried  fruits  or  seed  pods  of  different  trees.  They  are  imported  for  use  in  the 
leather  Industry,  but  are  not  used  for  net  curing.  Canalgreis  also  a  raw 
material,  consisting  of  the  root  of  a  plant  growing  In  New  Mexico  and  Arizona, 
not  used  for  the  fishing  Industry. 

To  this  list  should  be  added  quercitron,  a  large  timber  oak  {Qvff- 
CU8  velutina)  of  the  eastern  United  States,  having  foliage  resembling 
that  of  the  red  oak,  but  with  yellow  inner  bark.  It  is  on  the  market 
as  rough  bark,  rossed  bark,  ground  bark,  and  solid  and  liquid 
extracts.  As  will  be  seen  later.  Bull  found  this  to  be  one  of  the  best 
materials  for  curing  nets. 

It  is  thus  seen  that  there  are  a  great  many  tanning  materials,  that 
in  common  they  have  tannin,  and  that  this  tannin  in  some  way  pre- 
vents rotting  of  nets,  probably  by  destroying  the  digestives  with 
which  the  bacteria  seek  to  rot  the  net,  or  by  making  the  thread 
indigestible.  At  any  rate,  actual  measurements  of  strength  show 
that  tannins  do  preserve  nets,  and  that  the  principal  objections  to 
them  as  ideal  preservatives  are  that  if  used  unaided  they  wash  out  of 
the  nets,  and  that  if  the  preservation  is  to  last  the  application  must  be 
often  repeated. 


Digitized  by 


Google 


PRESERVATION  OF  FISH  I^STS.  18 

FIXING  OR  MORDANTINO  OP  TANNED  NETS. 

The  next  step,  therefore,  is  to  cause  the  preserving  tannin  to  stay 
in  the  net,  and  to  do  this  it  is  necessary  to  know  something  of  the 
chemistry  of  the  tannins.  It  has  already  been  shown  that  tannins 
combine  with  gelatin  to  form  a  permanently  insoluble  substance, 
this  combination  being  the  essential  principle  in  converting  hides 
into  leather.  Gelatin  exists  naturally  in  hides,  but  there  is  nothing 
naturally  occurring  in  cotton  corresponding  to  gelatin  with  which 
the  tannin  can  form  an  insoluble  compound. 

Tannin  is  readily  oxidized :  that  is  to  say,  it  readily  takes  up  and 
combines  with  the  oxygen  ot  the  air,  and  when  so  combined  is  in- 
soluble and  much  darker  in  color.  Why,  then,  does  not  the  tannin 
oxidize  and  stay  in  nets?  In  fact  it  does,  to  a  certain  extent,  as  any 
fisherman  who  nas  used  "  barked  "  nets  knows  the  nets  never  regain 
their  original  whiteness.  But  the  oxidation  takes  time,  and  in  prac- 
tice the  net  is  put  into  the  water  before  much  of  the  tannin  is ' 
oxidized,  whereupon  the  unoxidized  tannin  promptly  washes  out. 
To  store  the  net  for  a  time  after  barking  would  do  little  good,  for 
in  a  dry  condition  the  oxidation  proceeds  very  slowly  or  not  at  all. 
Repeated  wetting  and  drying  was  credited  by  Bull  in  his  comments 
on  the  paper  by  Aase  referred  to  above,  with  the  eventual  thorough 
impregnation  of  nets  by  the  old-time,  cold-barking  method.  It  is 
probable  that  by  holding  the  nets  wet  for  a  long  time  after  barking 
and  allowing  free  access  of  air  the  tan  might  1^  fixed  permanently 
in  the  fibers. 

There  is,  however,  no  need  to  do  this,  for  once  the  chemistry  of 
the  process  is  understood  the  same  end  may  be  achieved  by  quicker 
chemical  means.  There  are  a  number  of  chemicals  which  contain 
oxygen  in  large  Quantities,  and  which  yield  up  this  oxygen  easily. 
One  such  chemical  is  potassium  bichromate.  If  a  solution  of  potas- 
sium bichromate  be  added  to  a  solution  of  catechu,  a  dark-colored, 
insoluble  compound  is  formed — ^the  combination  of  tannin  with 
oxygen,  the  oxygen  coming  from  the  potassium  bichromate.  Ad- 
vantage is  taken  of  this  principle  in  dyeing ;  catechu  or  some  other 
natural  wood  dye  is  applied  to  the  fibers  and  then  darkened  and 
fixed  by  a  solution  of  potassium  bichromate.  This  process  is  used 
primarily  in  the  leather  and  textile  industries  for  the  coloring  it 
gives,  but  no  modification  is  needed  to  use  the  method  for  preserving 
nets. 

The  bichromate  acts  not  only  on  th(fe  tannins  that  are  soluble  in 
cold  water,  but  upon  the  catechin  that  is  soluble  in  hot  water. 

The  oxidation  of  tannins  is  greatly  accelerated  by  alkalis — lye, 
soda,  potash,  etc. — ^but  these  all  have  a  very  objectionable  character- 
istic in  that  they  cause  to  dissolve  in  cold  water  the  tanningsub- 
stance  which  in  its  natural  state  is  soluble  only  in  hot  water.  These 
alkalis  are  therefore  not  used. 

CUNNINOHAM^S  EXFEEIKENTS. 

The  very  thorough  work  done  by  Bull  in  Norway  and  Cunning- 
ham in  England  has  made  it  possiole  to  preserve  nets  at  much  less 
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labor  and  expense  by  use  of  potassium  bichromate.    To  quote  Cur 
ningham : 

Accordingly  I  made  at  Newlyn  a  large  number  of  experiments  *  ♦  *  t 
test  whether  by  the  use  of  bichromate  the  net  conld  be  preserved  nHyre  su< 
cessfully  or  more  cheaply,  and  the  results  were  very  favorable.  One  of  tli 
most  striking  of  these  experiments  was  made  entirely  with  Barmah  catdi,  < 
the  Double  Eagle  brand.  The  pieces  of  net  used  were  cut  from  the  net  made  f 
Brldport,  25  rows  to  the  yard,  12-ply  cotton.  The  strength  of  the  net  -whe 
tested  new  and  uncured,  or  "  white,"  was  15J  pounds  ♦  ♦  ♦.  Four  pieces  < 
net,  cured  with  and  without  bichromate,  as  shown  below,  were  put  doini  i 
Newlyn  Harbor  on  January  31,  1900,  and  tal^en  up  and  tested  on  Marcli  8,  s 
that  they  were  in  the  water  between  four  and  five  weeks.  The  strengths  give 
are  the  averages  of  five  trials  on  the  testing  machine : 

Pounds.     Ounce 

1.  Dipped  once  In  Burmah  cutch,  1  pound  to  1  gallon  of  water.  4  2 

2.  Dipped  twice  in  Burmah  cutch  of  same  strength^  dried  after 

first    dip *       6  5 

8.  Dipped  once  In  Burmah  cutch,  same  strength,  with  1  ounce 

bichromate  potash  added  to  1  gaUon  cutch  liquor 5  3 

4.  Dipped  once  In  Burmah  cutch,  same  strength,  then  dipped 

separately  In  hot  solution  of  bichromate,  one-half  pound 

to  1  gallon  water 14  5 

It  will  be  seen  that  of  these  four  pieces  of  net,  which  were  placed  in  th 
harbor  at  the  same  time,  fastened  to  the  same  piece  of  rope,  three  were  pra< 
tlcally  rotten,  while  the  fourth  was  nearly  as  strong  as  when  new,  and  thi 
fourth  piece  was  the  one  that  had  been  cured  with  bichromate  of  potash. 

Dipping  twice  in  cutch  alone  (No.  2)  seems  to  improve  the  ne 
very  little.  Experiment  No.  3  snows  that  the  bichromate  does  n< 
good  if  added  to  the  cutch  solution,  but  must  be  applied  separatel 
to  be  effective.  The  ijeason  for  this,  as  will  be  seen  above,  is  tha 
the  bichromate  makes  the  tannins  insoluble,  so  that  they  do  not  ge 
into  the  fibers  at  all. 

The  bichromate  solution  used  above  was  strong. 

The  following  series  of  tests  shows  the  results  with  weaker  bichro 
mate  solution,  and  different  combinations,  nets  submerged  Januar 
31,  taken  up  March  30,  put  down  again  May  14,  finally  taken  up  ani 
tested  May  28 :  , 

Pounds.      Ouned 

1.  Burmah  cutch,  1  pound  to  gallon,  net  put  in  hot  liquid  and  , 

left  to  soak  24  hours 4  14  I 

2.  Mangrove  cutcli  A,  a  somewhat  Insoluble  kind ;  same  treat- 

ment    5  12 

8.  Mangrove  culch  B,  another  brand ;  same  treatment 7  6 

4.  Burmah  cutch,   same  treatment;  net  then  dipped  in  hot 

bichromate,  1  ounce  to  1  gallon  water 13  5 

5.  Mangrove   cutch    A,    same   treatment,    following  by   hot 

bichromate,  same  strength 14  9 

6.  Mangrove    cutch    B,    same    treatment,    foUowed    by    hot 

bichromate,  same  strength 13  5 

7.  Mangrove  cutch  B,  1  pound,  with   1  ounce  bichromate, 

boiled    together   In   1   gallon   water,   net   left   to   soak 

24  hours 1  IS 

8.  Burmah  cutch,  1  pound,  with  1  ounce  washing  soda,  boiled 

together  in  1  gallon  water,  net  left  to  soak  24  hours 

9.  Mangrove  cutch  A  and  soda ;  same  treatment 

10.  Burmah  cutch,  1  pound  to  1  gallon  sea  water  instead  of 

fresh 

11.  Mangrove  cutch  A,  In  sea  water;  same  strength 

Here,  again,  it  is  shown  that  no  treatment  appears  to  do  mucj 
good  without  the  after  treatment  with  bichromate.    The   use 
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bichromate  with  the  cutch  destroys  any  preserving  power  the  cutch 
alone  may  have.  The  small  differences  between  the  different  varieties 
of  cutch  and  the  different  modes  of  handling,  exclusive  of  the 
bichromate  after  treatment,  are  not  significant. 

The  following  is  another  series  of  experiments  made  by  Cunning- 
ham in  which  quebracho  and  cube  gambier  were  tried : 

The  pieces  in  this  case  were  left  in  the  harbor  from  May  28  to  July  15,  a 
period  of  seven  weeks.  Tlie  pieces  of  net  were  cut  from  another  new  net,  which 
seems  to  have  been  of  better  quality  than  that  previously  used,  as  the  pieces 
cured  with  cutch  alone  were  not  so  weak:  after  exposure  as  in  previous  experi- 

meots: 

Pounds.  Ounces. 

1.  Mangrove  B,  alone,  1  pound  to  1  gallon  water,  dipped  once, 

soaked  10  minutes -        12  5 

2.  Quebracho  alone,  same  strength,  same  treatment 9  5 

3-  Cul)e  gambier  alone,  same  strength,  same  treatment 5 

4.  Mangrove  B,  as  before,  then  dipped  in  hot  bichromate,  1  ounce 

to  1  gallon  water : 13           8 

«5.  Quebracho  as  before,  followed  by  bichromate,  1  ounce  to  1  8 

gallon 12         14 

6.  Gambier  as  before,  foUowed  by  bicromate,  1  ounce  to  1  gallon..  11           5 

7.  Mangrove  B,  1  pound,  soda  1  ounce  to  1  gaUon  water,  net  dipped 

in  mixture  tlien  dipped  in  bichromate,  1  ounce  to  1  gallon 

water 7  8 

8.  Gambier  with  soda^  then  bichromate  In  above  proportions 7  12 

9.  Mangrove  B,  one-half  pound  to  one-half  gallon  water,  mixed 

with  one-half  pint  bichromate  solution,  1  ounce  to  1  gallon 7  8 

10.  Quebracho  mixed  with  bichromate,  same  proportions 10         10 

11.  Quebracho,  one-half  pound,  bichromate  one-half  ounce  to  1 

gaUon  water,  together 5         10 

Again,  it  is  shown  that  bichromate,  if  used  as  a  separate  after- 
treatment,  greatly  increases  the  preserving  effect  of  the  tanning  mate- 
rials ;  it  also  further  confirms  the  conclusion  that  bichromate  mixed 
with  the  tanning  material  does  harm  rather  than  good.  Soda  added 
to  the  tanning  extract  previous  to  use  is  rather  harmful  than  other- 
wise, as  shown  by  trials  Nos.  7  and  8. 


Thv.  Lindeman  (1897),  in  the  prize- winning  paper  submitted  in 
competition  before  the  Trondhjem  Fishery  Society  in  1896  for  the 
best  paper  on  preservation  of  nets,  seems  to  have  been  first  to  use  the 
dynamometer,  or  breaking-test,  method  of  studying  the  preservation 
or  nets.  On  two  kinds  of  thread,  hemp  and  cotton,  he  tried  12  pre- 
serving materials  in  comparison  with  untreated  thread,  as  follows : 

I.  Thread,  without  treatment 

II.  Bluestone.— li  kilos  (3.3  pounds)  bluestone,  1  barrel  water.  Net  lies  in 
this  1  day,  washed  out  without  drying,  and  then  put  directly  into  the 
sea. 

HI.  Catechu  with  mordant — ^To  7i  kilos  (16.2  pounds)  net  take  1  to  Ik  kilos 
(2.2  to  2.75  pounds)  catechu,  which  is  boiled  until  dissolved ;  add  60 
grams  (2  ounces)  bluestone.  The  net  is  put  in  this  bath  while  it  is 
warm  (60*  C.  or  140*  F.)  and  allowed  to  stand  over  night  The  next 
day  it  is  well  drained  and  brought  into  a  bath  (80*  C.  or  176**  F.)  in 
which  is  dissolved  180  grams  (6.4  ounces)  potassium  bichromate. 

IV.  Catechu  with  linseed  oil. — ^The  net  is  prepared  according  to  III,  dried  by 
artificial  drying,  and  brought  into  warmed  raw  Unseed  oil,  in  which  it 
lies  until  next  day;  it  is  then  taken  out  freed  as  much  as  possible 
from  the  oil,  and  dried  in  air. 
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y.  Birch  bark,  cold.— 20  kilos  (44  pounds)  birch  bark  is  added  to  1  barrel 
water;  to  this  is  added  1  to  2  kilos  (2.2  to  4.4  pounds)  of  soda.    This 
stands  cold  about  8  days  to  extract.    The  net  lies  in  this  1  to  2  days. 
VI.  Linseed  oil,  raw. — ^The  net  is  first  artificially  warmed ;  it  is  then  laid  in 
raw  linseed  oil  for  1  day.    It  is  then  taken  out,  freed  of  oil,  and  dried 
as  in  IV. 
VII.  Spruce  cones. — ^To  one-half  barrel  of  water  a  quarter  of  cones  is  taken. 
This  is  boiled  vigorously  about  3  hours.    After  it  is  cooled  off  the  net 
lies  in  it  about  2  days. 
VIII.  Wood  tar,  Norwegian.— The  net  is  artificially  dried  as  in  VI,  laid  under 
warm  wood  tar  for  a  sufficient  time  to  assure  that  it  is  thoroughly 
peietratedf  after  which  it  Is  taken  out  and  freed  of  excess. 
IX.  Quebracho  wood. — 10  kilos  (22  pounds)  to  about  150  liters  (40  gallons) 
water,  boiled  for  1  hour,  after  which  the  net  is  laid  in  it  while  it  is 
still  warm  and  allowed  to  He  In  it  a  couple  of  days. 
X.  Zinc  chloride.—l  kilo  (2.2  pounds)  zinc  chloride  to  100  liters  (30  gaUons) 
water ;  net  is  allowed  to  lie  in  this  1  day. 

Before  treatment  a  series  of  trials  was  made  on  different  places  in  the  skein 
of  thread  used.    The  results  of  these  stretching  tests  were  as  follows : 


A.  Hemp. 


B.  Cotton. 


Average  breaking  load. . 

Wetgbi  per  meter 

Breaktng  length 


14.9kllo6(av.ori3test8). 
0.633  gram. 
21.9  kilometors. 


8.61ci]06(av.ofl0tests). 
0.494  gram. 
17.1  lAometers. 


It  will  be  observed  that  in  addition  to  the  breaking  load,  Linde- 
man  also  gives  the  weight  per  meter  of  the  thread  and  "breaking 
len^h."  This  latter  figure  denotes  the  length  of  thread  that  will 
hold  itself  up,  or  the  length  of  thread  in  a  ball  whose  weight  is  the 
breaking  load.  The  strength  of  thread  as  ordinarily  understood 
means  strength  for  a  given  size  or  weight,  for  of  course  a  thread  can 
be  made  of  any  stren^h  if  it  is  only  large  enough.  The  smaller  and 
lighter  a  thread  of  given  strength,  the  tetter.  This  figure,  breaking 
length,  probably  furnishes  a  better  basis,  if  proper  precautions  are 
taken,  than  breaking  load,  of  the  quality  of  a  net.  Smce  the  weight 
of  a  meter  of  thread  is  given  and  the  breaking  load  is  given,  the 
breaking  load  divided  bv  the  weight  of  a  meter  will  give  uie  break- 
ing len^h  in  meters  (1  Kilomet€r=l,000  meters,  or  0.6  mile). 

This  breaking-length  figure  is  particularly  valuable  in  judging 
such  preservatives  as  tar  and  linseed  oil,  preservatives  that  add  con- 
siderable weight  to  the  net.  This  figure  may  go  to  show  that  where 
a  net  must  support  its  own  weight,  one  that  appears  to  be  well  pre- 
served may  be,  in  fact,  poorly  preserved  because  of  the  greatly  in- 
creased weight. 

After  testing  the  original  thread,  Lindeman  treated  different 
samples  by  the  methods  described  above,  and  put  them,  along  with 
untreated  samples,  in  the  sea,  and  after  varying  lengths  of  time  meas- 
ured strength  and  weight. 

The  nets  were  put  In  the  sea  October  6  (1896). 

First  test,  8  days  afterward. 

Second  test,  February  1  (1896),  after  about  14  weeks. 

Third  test,  May  3,  about  13  weeks  after  second  test.  After  the  third  test  the 
samples  were  destroyed  by  a  passing  boat.  A  new  series  was  prepared  and 
hung  out  in  the  sea  July  7. 

Fourth  test,  October  1  (1897),  after  121  weeks. 
'  Fifth  test,  January  1  (1897),  after  13  weeks. 
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The  test  pieces  taken  up  October  1  were  covered  with  mussel  spat, 
and  were  greatly  reduced  in  strength.  By  the  time  the  fifth  test  was 
made  the  nets  had  so  far  disintegrated  that  they  could  not  be  tested 
on  the  dynamometer;  the  investigator  therefore  made  notes  with  the 
letters,  a,  6,  and  c  to  indicate  how  far  gone  they  were,  meaning  some- 
thing like  poor,  poorer,  poorest. 

It  is  apparent  that  the  pieces  of  net  used  for  the  fourth  and  fifth 
tests  underwent  decomposition  much  more  rapidly  than  the  earlier 
ones.  While  Lindeman  offers  no  explanation  of  this  difference,  it 
may  be  readily  explained  by  the  warm  weather,  since  it  is  common 
experience  that  nets  rot  more  rapidly  in  warm  weather  than  in  cold. 

The  results  of  these  tests  are  summarized  in  the  accompanying 
table.  Each  figure  represents  an  average  of  from  5  to  18  trials,  so 
that  differences  in  particular  places  on  the  thread  are  ironed  out  to 
some  extent. 


Strongth  and  weight  of  thread . 


A.  HEMP. 

Tcstl: 

Breaking  load kilogram. . 

Weight  per  meter gram.. 

Breaking  length kilometer.. 

Testa: 

Breakingload kilogram.. 

Weif^t  per  meter gram. . 

BieaJdng  length kilometer. . 

Test  3* 

Snaking  load kilogram.. 

Weight  per  meter gram . . 

BrecQdng  length kilometer. . 

Test  4: 

Breakingload kilogram.. 

Weight  per  meter gram. . 

Breaking  length kUometer. . 

Test  5: 

Breakingload kilogram. . 

Weight  per  meter gram. . 

Bzwing  length kilometer.. 

B.  COTTON. 

Breakingload kilogram. . 

Weight  per  meter gram.. 

Bi«a]dng  length kilometer.. 

Testa: 

Breakingload kilogram. . 

Weight  per  meter gram . . 

Bieud^g  length kilometer.. 

Test  3: 

Braakingload kilogram.. 

Weight  per  meter gram. . 

Bieudng  length kilometer.. 

Test  4: 

Breakingload kilogram.. 

Weight  per  meter gram.. 

Breaking  length kilometer. . 

Test  6: 

Breaking  load kilogram . . 

Weight  per  meter gram. . 

Bieiudng  length kilometer. . 


Without 
prepara- 
tion. 


II. 


Blue- 
stone. 


13.3 
.600 
22.2 

8.6 
.554 

15.7 

6.4 
.509 
12.5 


7.8 
.658 
13.9 

3.7 
.497 
7.6 

2.3 
.530 
•     4.4 


12.6 
.675 
18.7 

11.2 
.593 
18.9 

11.8 
.846 
18.3 

9.0 
.804 
11.2 


(*) 


III. 

Catechu 

with 
mordant. 


13.7 
.096 
19.7 

12.2 
.723 
16.8 

12.1 
.687 
17.6 

7.7 
.688 
11.2 

9.1 
.765 
11.9 


IV. 
Catechu 

with 
linseed 

oil. 


10.9 
.910 
12.0 

14.0 
1.000 
14.0  { 

13.2 
.837      1 
15.8  I 

7.9         , 
1.200 

6.6  ! 

7.5         I 
1.045 

7.1 


V. 


Birch 
bark. 


11.5 
.628 
18.3 

9.1 
.660 
13.8 

9.7 
.652 
14.9 


4.6 


732 
6.3 


(0 


8.2 

7.9 

.507 

.566 

16.1 

13.9 

7.7 

8.5 

.493 

.610 

15.6 

13.9 

7.0         I 
.564 
12.8 


.489 
5.5 


9.3 
.610 
15.2 


(0 


5.6 
.961      I 
5.8  I 

7.5  ! 

.894 
8.4  ' 

7.4 

.865      ! 
8.5 


6.7 

7.1 

.580 

,822 

11.5 

8.6 

5.8 

6.3 

.570 

.764 

10.2 

8.2 

7.8 
.538 
14.5 

6.1 
.530 
11.5 

3.8 
.577 
6.6 

2.8 
.536 
5.2 


(0 


NoTC—tf,  b,  and  e,  meaning  something  like  poor,  poorer,  poorest4ndicate  that  nets  had  disintegrated  too 
ter  to  be  tested  on  the  dynamometer. 

14862°— 21 ;», 
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Strength  and  weight  of  thread. 


A.  HEMP. 

Testl: 

Breaking  load kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Tost  2: 

Breaking  load kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Tests: 

Breaking  load kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Test  4: 

Breakingload kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Tost  5: 

Breaking  load kilogram. 

Weight  per  meler gram. 

Breaking  length kilometer. 

B.  COTTON. 

Test  1: 

Breaking  load kilogram . 

Weight  per  meter gram. 

Breaking  length kilometer. 

Test  2: 

Breaking  load kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Tests: 

Breakingload kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Test  4: 

Breaking  loa<l kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 

Test  5: 

Breakingload kilogram. 

Weight  per  meter gram. 

Breaking  length kilometer. 


VI. 

Linseed 

oil. 


12.6 
.821 
15.3 

11.5 
.704 
16.3 

12.9 
.642 
20.1 

7.8 
.840 
0.3 


(0 


7.0 
.727 
9.6 

8.4 
.734 
11.4 

8.5 
.710 
j  12.0 

J    6.0 
i      .600 
I  9.1 


(0 


VII. 
Spruce 
cones. 


13.4 
.852 
15.7 

12.4 
.678 
18.3 

12.6 
.712 

17.8 

3.5 
.700 
5.0 


W 


8.5 
.585 
14.5 

8.6 
.571 
15.1 

8.5 
.600 
14.1 


.510 


(«») 


VIII. 
T^. 


10.8 
.987 
10.9 

13.1 
.958 
13.7 

11.9 
.792 
15.0 

9.3 

1.030 
9.0 


(°) 


7.8 
.974 
8.0 

7.6 

.848 
8.8 

8.4 
.830 
10.1 

6.8 
.856 
7.9 


(«) 


IX. 

Que- 
bracho. 


12.5 
.720 
17.4 


11.9 


17.3 

12.7 
.803 
15.8 

5.0 

.738 
6.8 


(*) 


8.1 
.559 
14.5 

8.2 
.564 
14.6 

8.1 
.590 
13.7 

2.9 
.495 
5.9 


(*) 


X. 

Zinc 
chloride. 


11.4 

.679 
16.8 

8.1 
.588 
13.8 


10.6 


7.2 

.647 
14.0 

3.0 

.487 
6.2 

2.9 
.523 
5.5 


Of  the  methods  that  depend  on  tannins  for  their  activity,  Nos.  Ill, 
IV,  V,  VII,  and  IX,  only  two  may  be  considered  at  all  successful; 
they  are  Nos.  Ill  and  IV.  These  two  received  identical  treatment — 
i.  e.,  catechu  with  copper  sulphate  and  potassium  bichromate — ^but 
No.  IV  received  a  subsequent  treatment  with  linseed  oil.  If  judged 
bv  the  breaking  strength  alone,  the  linseed  oil  adds  a  very  little;  but 
if  judged  by  breaking  length,  it  is  not  so  good  as  the  previous  one. 

Of  methods  of  tanning  nets  this  is  additional  evidence  that  the  use 
of  a  fixer  or  mordant,  potassium  bichromate,  greatly  increases  the 
preserving  quality  of  tanning  materials. 

The  use  of  zinc  chloride  sug'gested  itself  to  Lindeman  because  it 
converts  cellulose  into  so-called  hvdrocelhilose  and  is  used  as  a  pre- 
servative for  railroad  crossties.     It  is  a  failure  for  preserving  nets. 

The  nontannin  preserving  materials  Avill  be  considered  later. 

Another  point  about  the  table  worthy  of  notice  is  that  tannins 
have  an  effect  on  hemp  nets  similar  to  that  on  cotton,  but  not  so  great. 

It  should  also  be  noted  that  Lindoman's  paper  appeared  five  yeai's 
earlier  than  Cunningham's  paper,  or  that  of  Bull,  next  to  be  con- 
sidered. 


Digitized  by 


Google 


PRESERVATION   OF   FISH   NETS.  19 


Bull  (1901),  in  Norway,  carried  on  a  similar  series  of  experiments, 
using  a  greater  number  of  combinations,  including  oak  bark,  quer- 
citron extract,  and  coal  tar.  He  also  carried  out  more  elaborate 
processes  of  preparation,  ixicluding  such  manipulations  as  three  or 
four  baths  and  combinations  of  second  treatments.  The  table  follow- 
ing gives  Bull's  results  and  carries  brief  descriptions  of  the  methods 
used.  In  the  text  Bull  says  he  barked  the  nets  in  "  the  customary 
way.'' 

Lindeman  used  the  bluestone  (or  copper  sulphate,  copper  vitriol, 
blue  vitriol,  as  it  is  variously  called)  in  the  same  bath  with  the 
tanning  material.    On  this  point  Bull  (1901)  says: 

When  I  began  this  investigation,  since  I  used  quercitron  extract  in  as  pure  a 
condition  as  was  obtainable,  in  lieu  of  catechu,  I  observed  thiit  in  solution  in 
water  it  has,  with  copper-vitriol  solution,  a  reaction  that  produces  a  precipitate 
which  dissolves  with  difficulty  in  water,  for  which  reason  the  coloring  method 
must  be  regarded  as  disadvantageous,  because  the  precipitate  is  formed  rather 
on  the  thread  and  is  not  in  the  solution.  In  addition,  I  found  that  the  second 
bath  may  be  also  harmful  in  the  use  of  very  warm  (80"  C.  or  176°  F.)  solution 
of  potassium  bichromate,  since  this  strong  agent,  with  the  high  temperature 
used,  may  very  well  cause  a  weakening  of  the  thread. 

Bull  also  says  : 

As  a  barking  material  quercitron  extract  has  shown  itself  to  be  the  best. 
♦  ♦  *  A  noteworthy  result  is  shown  in  experiment  17,  in  which  the  net  is 
barked  twice  with  quercitron  extract  and  afterwards  treated  with  the  oxidation 
mixture.  It  is  shown  that  the  net,  after  11  weeks,  is  of  the  same  strength  as 
before  it  was  immersed  in  the  sea,  namely,  23  kilograms. 

Quercitron,  as  well  as  other  tanning  extracts  and  barks,  can  be 
secured  from  American  dealers  in  tanners'  supplies. 

The  copper  may  have  some  preserving  action ;  Cunningham  thinks 
it  is  injurious.  It  appears  to  the  writer  that,  while  it  may  strengthen 
the  defense  against  certain  organisms,  its  chief  use  on  nets  is  to 
impart  a  dark,  durable  color. 
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Lime  may  also  be  used  as  a  mordant  or  fixer  for  the  tanning  ma- 
terial. The  lime  is  applied  in  the  form  of  a  solution  as  follows :  Add 
slacked  lime  to  water  in  a  large  container,  and  let  stand  with  occa- 
sional stirring  for  several  days.  The  clear  liquor  that  remains  after 
the  excess  lime  has  settled  is  to  be  applied  to  the  nets  in  lieu  of  the 
potassium-bichromate-and'bluestone  solution  in  the  method  to  be 
given  below^after  they  have  been  barked.  No  measurements  of  the 
strength  ofnefs~§?rpreserved  have  been  found. 

A  rather  elaborate  process  of  tanning  employing  lime  fixation  is 
described  in  an  article  in  Norsk  Fiskentidende  (1886).  A  transla- 
tion-of  this  article  by  Herman  Jacobson  was  published  in  the  Bulle- 
tin of  the  United  States  Fish  Commission  (vol.  VI,  No.  7,  June  12. 
1886,  pp.  97-104).  The  method  consists  of  three  applications  of 
catechu,  one  of  lime  water,  and  a  final  treatment  of  a  mixture  of 
Stockholm  (pine)  tar  and  coal  tar.  That  method  appears  to  be  too 
elaborate  for  use  in  the  fisheries  of  to-day.  A  point  of  value  in  this 
paper,  however,  is  that  where  more  than  one  bath  of  the  tanning  ex- 
tract is  used  the  first  one  should  be  much  weaker  than  the  others. 

IMPROVED  RECIFE  FOR  TANNING  NETS. 

This  section  of  the  paper^  treating  preservation  by  tanning  ma- 
terials, is  to  be  concluded  with  a  recipe  regarded  as  the  best,  and  a 
summary.    The  recipe,  given  by  Bull  (1902),  is: 

To  220  pounds  of  net  (cotton  or  hemp,  the  method  is  best  suited  to  cotton) 
take  33  pounds  of  solid  extract  of  quercitron,  or  143  pounds  of  oak  bark.  (Cate- 
chu does  not  give  such  good  results,  but  if  used,  take  53  pounds.) 

The  extract  is  boiled  <»  until  dissolved  in  130  gallons  of  water.  Stir  con- 
tinuously in  the  vessel  to  prevent  the  extract  from  burning  to  the  bottom ;  tiie 
warm  solution  is  poured  over  the  net,  which  is  laid  in  the  vessel.  With  a  flat 
board,  if  necessary,  push  the  net  down  under  the  Uquor.  Cover  the  vessel  well 
with  a  tarpaulin  or  sail  canvas  so  that  it  can  cool  off  only  very  slowly.  After 
the  vessel  is  completely  cooled  off  the  net  is  taken  out  and  as  much  of  the  water 
as  possible  is  wrung  out  before  beginning  the  after  treatment  If  this  is  done 
at  once,  without  preliminary  drying,  some  of  the  tannin  will  dissolve  out  and 
the  net  wlU  lose. 

The  after  treatment  is  carried  out  as  follows:  To  220  pounds  of  net  take 
2i  pounds  bluestone  and  3^  pounds  potassium  bichromate,  and  dissolve  them 
in  150  gallons  of  cold  water.*  After  the  substances  are  entirely  dissolved  and 
the  whole  stirred  well,  the  net  is  put  into  the  bath.  It  is  best  to  move  the  net 
about  in  the  liquid  from  time  to  time  so  that  it  works  evenly  on  the  entire  net 
In  this  bath  the  color  of  the  net  is  much  darkened;  if  quercitron  is  used  a 
uniform  brown  color  is  produced,  like  that  of  a  barked  net  that  has  been  used 
a  long  time.    After  two  hours  the  net  is  taken  out. 

It  is  the  safest  plan  now  to  wash  the  net  in  water — ^for  example,  by  putting 
it  in  a  tub — but  perhaps  this  is  not  necessary,  so  it  can  be  spread  out  at  once  to 
dry,  or  be  taken  aboard.  The  water  from  the  after  treatment  is  quite  worth- 
less, for  the  salts  added  have  been  completely  used  up. 

By  way  of  cominent  it  may  be  remarked  that  the  best  way  to  dis- 
solve the  extract  is  to  put  it  in  a  coarse  ba^  and  to  suspend  the  bag 
in  hot  water.  This  prevents  debris  from  going  into  the  solution.  la 
heating  the  large  amount  of  water  the  exhaust  steam  from  an  engine, 
or  any  other  steam  of  a  pound  or  two  pressure  may  be  used. 

«  The  advlBability  of  boiling  the  tan  liquor  is  disputed.  It  appears  the  safer  procednrp 
to  heat  the  water  during  the  process  of  dIssoluUon  of  the  extract  to  about  175*  F. 

*  Bluestone  attacks  metal  vessels,  and  it  should,  therefore,  be  dissolved  in  barrels  or 
other  wooden  vessels. 
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The  accompanying  drawing  (Barclay,  1905&)  represents  a  plant  as 
used  in  Scotland  for  barking  nets.  Catechu  or  other  extract  is  dis- 
solved in  tank  B.  which  is  heated  by  steam  from  a  steam  pipe,  A 
system  of  pipes,  the  arrangement  of  which  is  obvious  in  the  drawing, 
provides  tor  drawing  off  the  liquor  into  tanks  where  the  nets  are 
treated.  2?  is  a  steam  injector  or  siphon  used  for  convenience  in 
transferring  the  liquor  from  one  vat  to  another,  or  returning  it  to 
the  dissolving  tank. 

It  is  assumed  in  these  recipes  that  the  nets  are  perfectly  clean  and 
free  from  oil  before  tanning.  Preferably,  nets  should  be  tanned  be- 
fore they  are  ever  used.  If  they  are  dirty  or  greasy  they  should  be 
washed  in  warm  water  and  soap,  well  rmsed  in  warm  water,  and 
dried  before  tanning. 

It  will  be  noticed  from  Bull's  figures  that  a  double  treatment  of 
quercitron  extract  before  mordanting  (experiment  No.  17)  gave  best 
results.  If  it  is  desired  to  do  this — and  this  procedure  is  recom- 
mended— ^the  first  tan  should  be  much  weaker  than  the  second ;  that  is, 
use  half  the  total  amount  of  quercitron  for  first  bath,  add  the  remain- 
ing half  to  the  same  liquor  for  second  bath,  following  with  mordant,, 
or  after  treatment.  The  net  should  be  dried  between  first  two  baths 
of  quercitron.  This  procedure  is  in  keeping  with  the  practice  in  the 
leather-tanning  industry. 

While  this  method  is  usually  referred  to  in  the  literature  as  "  Bull's 
method,"  it  should  be  stated  that  an  after  treatment  with  a  chromate 
(sodium  chromate)  was  used  before ;  for  example,  mention  was  made 
of  it  in  the  article  in  the  Allgemeine  Fischerei-Zeitimg  (1896)  re- 
ferred to,  and  potassium  bichromate  in  combination  witn  catechu 
was  tested  by  Lmdeman  (1897).  Olaus  Tysk0,  in  a  paper  submitted 
in  the  Troncfli  jem  contest,  states  that  the  method  using  catechu,  copper 
sulphate,  and  potassium  bichromate  had  been  "  used  in  Fosen  for  the 
last  20  years.  (Konserveringsmidlers  indflydelse  paa  fiskegam- 
straad.  Tillaeg  til  Arsberetning  for  1898  fra  Trondhjems  fiskerisel- 
skab,  pp.  4-7.) 

SUMMARY  OF  METHODS  OF  PRESERVATION  OF  NETS  BT  TANNING. 

1.  Tanning  methods  are  suitable  for  preservation  of  nets,  leave  the 
nets  soft  and  pliable,  and  afford  a  high  aegree  of  protection. 

2.  Very  little  increased  protection  is  affordea  by  treating  tanned 
nets  with  lineseed  oil  or  tar. 

3.  An  after  treatment  of  potassium  bichromate  following  the  ap- 
plication of  tan  liquor  greatly  increases  the  preserving  power  of  tan- 
ning materials,  such  as  quercitron,  catechu,  gambier,  etc. 

4.  Copper  sulphate  (bluestone,  copper  vitriol)  contributes  to  the 
color  OT  nets  when  used  as  an  adjunct  to  tanning  methods,  but  does 
not  add  much,  if  anything,  to  the  protecting  power  of  the  tanning 
material. 

5.  So  far  as  the  data  go.  hemp  threads  are  protected  by  tanning 
materials  just  as  is  cotton,  but  not  such  a  great  degree  of  protection 
is  afforded. 

6.  No  data  have  been  found  regarding  the  preservation  of  linen 
thread. 


Digitized  by 


Google 


FBESEBVATION  OF  FISH  TSTETS.  25 

7.  All  the  methods  of  tanning  impart  a  dark  color  to  the  nets, 
which  color  may  be  advantageous  in  making  the  nets  less  conspicu- 
ous in  the  water. 

PRBSSRVATION  OP  NBTS  BY   METHODS   NOT  DEPENDENT  ON 
TANNING  MATERIALS. 

The  methods  of  prolonging  the  life  of  nets  which  make  no  use  of 
tanning  materials,  or  make  use  of  them  only  as  adjuncts,  employ 
linseed  oil,  pine  tar,  coal  tar,  bluestone,  soap  and  bluestone,  salt, 
smoke,  and  creosote. 

Of  these,  linseed  oil  and  tars  are  physical  protections  to  the  net; 
they  fill  up  the  spaces  between  the  noers  and  to  a  large  extent  keep 
the  water  from  coming  into  contact  with  the  materials  of  which  the 
threads  are  composed.  Naturally  these  materials  are  very  efficacious. 
but  that  there  are  many  and  senous  objections  to  the  general  use  ox 
linseed  oil  and  tar  will  appear  later.  liinseed  oil  will  be  considered 
first. 

LINSEED  OIU 

For  practical  purposes  the  animal  and  vegetable  oils  are  looked 
upon  as  being  divided  into  two  principal  groups,  the  nondrying  oifa 
and  the  drying  oils.  The  nondrying  oils,  of  which  coconut,  peanut, 
cottonseed,  and  olive  oils  are  examples,  are  used  for  soaps,  foods, 
lubricants^  and  the  like;  they  do  not  "dry";  that  is,  they  do  not 
form  a  skm  upon  being  exposed  to  air,  but  under  storage  conditions 
may  become  rancid.  The  drying  oils,  such  as  linseed  and  men- 
haden oil,  when  exposed  to  air  "dry"^  that  is,  they  form  tou^h, 
somewhat  elastic  skins,  which,  when  a  pigment  is  incorporated  with 
them^  constitute  paints.  The  conspicuous  properties  of  these  oils, 
that  18,  the  turning  rancid  of  the  first  class,  and  the  drying  to  a  skin 
of  the  second,  are  both  traceable  to  the  same  cause— oxidation,  or 
absorption  of  oxygen  from  the  air.  Both  classes  possess  a  keen 
appetite  for  oxygen,  and  the  process  of  absorption  is  attended  with 
the  generation  of  heat ;  if  the  oil  is  distributed  in  such  a  way  that 
great  surface  is  offered  for  oxidation  and  at  the  same  time  little 
opportunity  is  afforded  for  the  heat  to  escape,  so  much  heat  will  be 
generated  as  to  start  a  fire,  as  it  is  well  known  that  oily  rags  will  do, 
and  also  nets.  Another  peculiarity  about  this  heating  is  that  the 
hotter  the  rags  or  nets  become,  the  faster  the  oxidation. 

Linseed  oilis  the  great  drying  oil,  used  the  world  over  as  the  body 
for  paints.  It  has  Iteen  used  in  Holland  (Barclay,  1904)  for  many 
years  for  preserving  nets  and  to  a  considerable  extent  in  the  same 
way  in  England,  particularly  at  Lowestoft  and  Yarmouth.  This 
method,  according  to  Cunningham,  is  simple :  The  nets  are  given  one 
batii  of  catechu,  tnorouchly  aried ;  and  then  one  bath  of  linseed  oil, 
drained,  and  dried.  Arber  drying,  which  takes  two  or  three  weeks 
or  more,  they  are  again  bathed  in  catechu,  which  removes  any 
undried  oil.  In  use  they  are  occasionally  given  a  treatment  of 
catechu,  like  any  other  net.  The  method,  as  used  by  the  Dutch, 
according  to  Jessen  (1908),  is  as  follows: 

Any  g^ase  on  the  net  is  first  removed  in  water,  to  which  a  little  more  than 
2  quarts  of  slacked  lime  is  added,  per  barrel  of  water.  The  net  is  then  thor- 
oughly dried,  and  introduced  into  a  bath  of  18  pounds  catechu  to  35  gallons  of 
water;  the  water  is  boiled  and  stirred  till  the  catechu  is  dissolved.    The  liquor 
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is  kept  hot  while  the  net  is  put  into  it  It  is  left  in  until  the  knots  have  bad 
time  to  be  thoroughly  penetrated ;  then  taken  out,  drained,  and  the  moist  net 
packed  in  a  vessel  till  next  morning,  when  it  is  taken  out  and  dried  t«7 
thoroughly.  As  soon  as  completely  dry  it  is  ready  to  receive  the  same  treat- 
ment again,  and  so  on  until  it  has  had  6  to  8  treatments,  between  each  two  of 
which  it  is  thoroughly  dried  out,  care  being  taken  that  the  interior  of  knots  is 
soaked  at  each  treatment  and  dried  with  each  drying. 

The  net,  perfectly  dried,  is  now  brought  under  raw  linseed  oil — ^1  pound  of 
oil  for  each  pound  of  net.  The  oil  is  kept  as  cold  as  possible.  The  excess  of 
oil  is  drained  off  in  a  vessel  with  a  false  bottom.  This  done,  the  net  is  laid  out 
in  a  field  to  dry,  which  drying  takes  two  or  three  weeks  or  more.  Much  rain 
will  injure  the  net,  but  under  no  circumstances  should  the  net  ever  be  heaped 
up  until  absolutely  dry,  even  if  it  does  rain.  If  it  is  heaped  up  it  \s  certain 
to  heat,  and,  aside  firom  the  danger  of  fire,  it  may  be  ruined  by  the  heat 
generated. 

There  is  no  doubt  that  this  is  an  excellent  preserving  method  for 
nets  and  deserves  all  the  esteem  in  which  it  has  been  held  for  so  many 
yeai^.  But,  because  of  its  laboriousness  and  the  present  cost  of  linseed 
oil,  it  is  not  at  all  likely  to  receive  consideration  under  present  con- 
ditions in  the  United  States,  Neither  is  it  every  fisherman  that  has 
idle  land  on  which  he  can  lay  out  nets  for  three  weeks  or  more  to  dry. 
Nor  is  the  method  necessary  in  many  cases,  for  if  the  figures  by 
Lindeman  and  Bull,  given  above,  are  reliable,  the  threads  may  be 
as  well  preserved  by  catechu  or  other  tan,  followed  by  a  mordant, 
at  much  less  cost  and  labor.  The  threads  of  hemp,  preserved  with 
catechu  and  mordant,  were  reduced  in  strength  from  13.7  to  12.1 
between  first  and  third  tests  (28  weeks) ;  preserved  with  catechu, 
mordanted,  and  then  oiled,  the  fimires  are  10.9  and  13.2,  or  an  ap- 
parent increase  in  strength.  With  cotton  the  results  were  similar, 
only  both  appeared  to  become  stronger.  But  it  will  be  noticed  that 
the  oiled  nets  are  50  per  cent  or  more  heavier  than  the  other  and  the 
breaking  length  is  correspondingly  shorter. 

Nets  oiled  with  linseed  oil  are  stiffer  and  harder  than  nets  not  oiled ; 
in  some  crises,  such  as  the  gill  nets  for  shad,  this  would  be  a  serious 
objection;  but  for  nets  that  stay  constantly  in  the  water,  such  as 
trammel  or  moored  nets,  oiling  might  be  well  justified.  Cunningham 
said  he  left  oiled  nets  in  the  water  two  months  and  found  no  diminu- 
tion in  strength  in  that  time.  Barclay  (1905)  concludes  that  im- 
proved tanning  methods  are  good  where  there  is  opportunity  for 
occasional  drying  of  nets,  but  where  there  is  no  opportunity  for 
drying  it  may  be  desirable  to  oil  the  nets  after  they  are  tanned  or 
"barked." 

TAR. 

Preservation  of  nets  by  tar  is  the  principal  method  used  in  the 
United  States.  The  nets  are  simply  passed  through  hot  tar,  freed 
from  excess,  and  partially  dried.  On  use  the  drying  continues  until 
the  tar  is  hard  and  tough.    Of  this  method  Cunningham  says : 

This  method  of  treating  a  net  Is  very  cheap  and  tested  by  the  method  above 
described — ^breaking  tests — on  pieces  of  net  exposed  in  a  harbor,  the  preserva- 
tion is  very  perfect.  A  piece  of  net  lost  scarcely  any  strength  after  two  months  in 
the  water,  and,  moreover,  a  tarred  net  is  distinctly  stronger  than  a  cutched 
net,  because  the  dry  tar  increases  the  strength  of  the  cotton  fibers  by  gluing 
them  together.  As  an  antidote  to  putrefaction  coal  tar  is  perfect,  no  septic 
organisms  being  able  to  live  in  it.  The  fibers  of  the  cotton,  being  covered  by 
the  tar,  do  not  come  actually  into  contact  with  water.  For  these  reasons  tar 
is  an  excellent  preservative  for  coarse  nets  for  rough  use,  such  as  trawl  nets. 
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But  for  drift  nets  there  are  many  objections  to  Its  use  In  the  manner  considered. 
The  net  is  too  rigid  and  stiff,  and,  therefore,  does  not  usually  mesh  the  fish 
well  although  to  some  extent  the  net  is  made  more  flexible  by  occasional  dips 
in  hot  cutch,  which  softens  the  tar  and  removes  a  portion  of  it.  The  rigidity 
of  the  net  causes  it  to  wear  out  mechanically ;  after  two  or  three  years  It  is 
apt  to  give  way  at  the  knots*  owing  to  the  breaking  of  the  stiffened  fibers  under 
the  constant  bending. 

Another  method  sometimes  used  employs  cutch  and  tar  toother, 
the  tar  being  stirred  into  the  hot  cutch  and  the  net  bathed  in  the 
mixture.  Cunningham  foimd  this  to  be  very  little  better  than  theT 
cutch  or  catechu  alone,  for  the  reason  that  the  tar  does  not  mix 
uniformly  with  the  cutch,  but  breaks  up  into  little  droplets  which' 
attach  themselves  to  the  threads.  The  threads  are  therefore  not 
uniformly  protected  by  the  tar. 

Tar  consists  of  two  parts,  a  liquid  part  which  is  separately 
known  as  creosote,  and  a  black,  solid  part  which  is  left  behind  when 
the  creosote  evaporates.  When  the  tar  is  first  applied  both  are 
present,  but  as  time  passes  the  liquid  creosote  gradually  evaporates, 
while  the  solid  part  remains.  Both  assist  in  protecting  the  nets, 
the  solid  by  glumg  the  fibers  together,  the  liquid  by  killing  bacte- 
ria: one  protects,  the  other  preserves. 

if  in  the  table  given  by  Bull  (p.  20)  the  samples  prepared  with 
tar  are  compared  with  samples  prepared  in  other  ways,  it  is  seen 
that  tar  holds  its  own  against  all  rivals,  if  we  consider  preserva- 
tion of  breaking  streneth  only.  But  it  is  noticed  that  weight  is 
increased  from  around  1.6  grams  per  10  meters  to  around  3.5, 
or  about  2^  times ;  the  breakmg  length  is  correspondingly  reduced, 
while  the  absorption  of  water  is  reduced  from  about  260  per  cent 
to  about  50  per  cent ;  that  is,  the  amount  of  water  the  threads  will 
absorb  is  reauoed  by  the  application  of  tar  from  about  2J  times  its 
own  weight  to  one-half  its  own  weight. 

The  added  weight  of  tar  is  a  very  material  disadvantage  in  large 
nets,  for  it  increases  the  labor  of  nandling  nets  and  prolongs  the 
time  of  every  move  of  the  net.  On  the  other  hand,  Bull's  table  shows 
that  the  tarred  net  soal^  up  much  less  water  than  the  barked  net 
and  that,  since  absorbed  water  adds  to  the  weight  of  the  net  just 
as  tar  does,  the  weight  added  by  water  must  al»  be  considered. 

In  the  case  of  drift  nets,  where  the  poise  of  the  net  in  the  water 
is  of  greatest  importance,  the  balance  of  the  net  has  a  bearing  on 
the  method  of  barking  (Jessen,  1906).  Jessen  argues  thus:  A 
quantity  of  sea  water  of  the  same  air  and  salt  content  and  at  the 
same  temperature  as  that  of  the  sea,  will  neither  sink  nor  floaty 
but  will  stay  at  whatever  depth  it  is  put,  and  when  water  thus 
soaks  into  a  net  it  will  tend  neither  to  sink  nor  float  the  net,  but 
is  a  dead  weight.  This  dead  weight,  however,  must  be  counter- 
balanced by  a  greater  weight  on  the  lead  line  than  would  be  needed 
without  it ;  that  is,  the  weights  on  a  water-logged  net  must  be  greater 
by  an  amount  equal  to  the  weight  of  the  water  in  the  net  in  order 
to  keep  the  net  vertical.  Thus,  if  the  untreated  net  in  Bull's  table 
took  up  227  per  cent  water  (No.  1)  and  required  24  kilograms 
stone  sinkers,  the  barked  net  which  took  up  179  per  cent  water 
(No.  11)  would  require  21.6  kilograms  sinkers,  and  with  the  barked 
and  tarred  net  (No.  23)  that  took  up  54  per  cent  of  water,  only 
10.5  kilograms  sinkers  would  be  needed,  and  that  with  lead  sinkers 
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these  figures  are  14.6,  13.2,  and  6.4  kilograms,  respectively.    Then, 
to  show  the  practical  force  of  his  argument,  he  points  out  that  with 
the  untreated  net  (No.  1)  with  stone  sinkers  one  must  work  with 
the  weight  of  the  net,  8.6  kilograms  plus  the  water  soaked  up,  19.5 
kilograms  plus  the  stone  sinkers,  24  kilograms,  or  52.1  kilograms 
all  together.    While  with  the  barked  and  tarred  net  and  lead  sink- 
ers these  weights  are,  net,  tanning  material  and  tar,  15.7  kilograms ; 
absorbed  water,  8.5  plus  the  necessary  lead,  0.4  kilogram;  a  total 
of  30.6  kilograms.    He  also  shows  that  the  first  net,  requiring  17 
men  to  handle  it,  can,  if  its  weight  is  reduced  by  barking  and 
tarring,  be  handled  by  only  10  men.    No  argument  is  required  to 
show,  also,  that  of  two  nets  made  of  material  exactly  the  same 
size  and  quality,  but  one  weighted  down  to  nearly  twice  the  weight 
of  the  other,  the  heavier  will  wear  faster  than  the  lighter.    While 
space  does  not  permit  of  an  extended  review  of  the  discussion  of 
these  matters,^  it  should  be  pointed  out  that  Jessen  appears  to 
have  overlooked  the  fact  that  if  a  tarred  net  of  a  weight  of  3.15 
increases  in  weight  by  54  per  cent,  it  will  weigh  4.85  in  all,  while 
the  untreated  net  of  1.45  will,  when  increased  by  227  per  cent,  weigh 
4.96,  or  more  than  the  tarred  one.    Bull,  in  the  article  referred  to 
in  the  footnote,  gives  the  correct  mathematics  for  making  the  cal- 
culations. 

Cunningham's  further  experiments. 

At  this  point  it  is  appropriate  to  introduce  the  remaining  experi- 
ments conducted  by  Cunningham,  using  aU  the  ordinary  net  preserv- 
atives in  various  ways. 

PBEPABATION  OF  SAMPLES. 

1.  Cutch  alone  (one-half  pound  cutch  boiled  in  one-lialf  gaUon  of  water). — 
The  pieces  of  net  put  in  this  until  well  soaked,  then  dried.  Then  put  into  cutch 
of  same  strength,  steeped  for  two  days,  then  dried. 

2.  Cutch  and  glue  (one-half  pound  glue  dissolved  in  1  gallon  of  water). — The 
net  dipped  into  this,  then  squeezed  and  put  into  hot  cutch — one-half  pound  cutch 
to  one-half  gallon  of  water — then  dried.  Afterwards  dipped  a  second  time  into 
cutch  of  same  strength  and  dried  again. 

3.  Cutch,  glue,  and  bichromate  of  potash. — ^The  net  was  dipped  into  glue, 
1  pound  to  one-half  gallon  of  water,  with  a  little  bichromate  of  potash  added ; 
then  put  into  cold  cutch  and  left  to  steep  two  days. 

4.  Cutch  and  copper  sulphate. — ^The  net  was  steeped  two  days  in  cutch,  one- 
half  pound  to  one-half  gallon  of  water,  then,  while  wet,  put  into  copper  sul- 
phate, 1  pound  to  one-half  gallon  of  water,  and  after  a  short  soak  rinsed  in 
fresh  water  and  dried. 

5.  Cutch  and  coal  tar. — The  net  was  first  saturated  with  coal  tar,  then  squeezed 
and  wrung  out  several  times  with  hot  water,  then  dried  for  a  week,  and  after- 
wards dipped  in  hot  cutch,  one-half  pound  to  one-half  gallon  of  watw*. 

6.  tJutch  and  coal  tar  mixed. — One-half  pound  cutch  boiled  in  one-half  gallon 
of  water  and  then  about  a  pint  of  coal  tar  stirred  into  the  hot  solution.  The 
net  was  dipped  into  the  hot  mixture,  then  dried. 

7.  Cutch,  tar,  and  green  oil  [a  creosote  distilled  from  coal  tar], — ^The  net  was 
first  steep€Ki  three  days  in  cutch,  one-half  pound  to  one-half  gallon  of  water. 
Then  the  same  cutch  was  heated  and  the  net  passed  hot  from  this  through  a  mix- 
ture of  coal  tar,  Stockholm  [pine]  tar,  and  green  oil  as  thick  as  paint  The  net 
was  then  passed  through  a  wringing  machine  and  dried. 

'See  further.  Bull  (1906).  Reference  is  made  by  Boll  to  a  discussioii  of  the  matter 
between  Dr.  Jonan  HJort  and  Peter  Jessen  in  the  Bergena  Tidende,  presamably  in  1906. 
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8.  Coal  tar  and  green  oil  mixed. — ^The  net  was  steeped  in  the  mixture,  then 
passed  through  a  wringing  machine,  and  hung  up  to  dry. 

9.  Cntch  and  green  oil. — ^The  net  was  steeped  several  days  In  cutch,  one-half 
pound  to  one-half  gallon  of  water,  then  dried  and  put  into  green  oil,  then  passed 
through  a  wringing  machine  and  hung  up  to  dry. 

10.  Green  oil  alone. — ^The  net  was  simply  saturated  with  green  oil,  passed 
through  a  wringer,  and  hung  up  to  dry. 

11.  Gutch  and  Stockholm  tar,  mixed  (one-half  pound  cutch  holled  in  one-half 
gallon  of  water,  and  one-half  pint  Stockholm  tar  stirred  into  the  hot  solution). — 
The  net  dipped  into  the  mixture,  squeezed  out,  and  dried. 

12.  Gutch,  Stockholm  tar,  and  green  oiL — ^The  net  was  steeped  three  days  in 
cutch,  one-half  pound  to  one-half  gallon  of  water,  then  dried  and  soaked  in 
Stockholm  tar  warmed,  with  a  little  turpentine  added.  As  the  net  was  very 
hard  and  sticky,  It  was  soaked  with  green  oil  and  passed  through  the  wringing 
machine. 

13.  Gutch  and  linseed  oil. — ^The  net  was  steeped  in  cutch  (one-half  pound 
to  one-half  gallon  of  water)  for  three  days,  dried,  and  then  dipped  in  boiled  oil, 
with  driers  added.    After  some  weeks  It  was  dipped  again  in  cutch  and  dried. 

14.  Soap  and  copper  sulphate  (one-half  pound  soap  boiled  in  one-half  gallon  of 
water). — ^The  net  soaked  in  this  and  then  put  into  a  solution  of  copper  sulphate, 
one-half  pound  to  one-half  gallon  of  water. 

15.  Soap,  copper  sulphate  and  linseed  oil. — ^The  net,  prepared  as  in  14,  was 
saturated  with  boiled  oil,  with  driers  added,  and  hung  up  to  dry. 

The  pieces  were  all  cut  from  the  same  mackerel  net,  24J  rows  to 
the  yara.  12-ply,  and  the  following  table  shows  the  results  of  testing : 


Mode  of  cure. 


Strength  when 
ary. 


Strength  after 

4  weeks  in 

water. 


Strength  after 

2  months  in 

water. 


I.  Catch  only,  two  dips  and  steeped 

3.  Olue  and  catch,  one  dip  in  glue,  two  in  cutch 

3.  Catch,  gloe,  and  bichromate  of  potash 

4.  Cutch  and  copper  sulphate. 

5.' Catch  and  coal  tar,  tarred  first 

6.  Catch  and  ooal  tar,  mixed 

7.  Catch,  tar,  and  green  oU,  passed  direct  from  the 

catch  into  the  tar 

8.  Coaltar  and  green  oil,  mixed. 

9.  Cntch  and  green  ofl 

10.  Green  oil  alone 

II.  Cutch  and  Stockhobn  tar  mixed 

12.  Catch,  Btockhohn  tar«  and  green  oil 

13.  Catch  and  Ihiseed  oil 

14.  Soap  and  copper  sulphate 

15.  8o^,  copper  sulphate,  and  linseed  oil 


Lbs. 
15 
17 
16 
13 
18 
17 

17 
16 
15 
16 
17 
14 
15 
15 
15 


9 
2 

11 
8 
4 

12 

8 

0 
14 

5 
13 

4 
1 
1 
1 


Lbi, 
16 
9 
14 
10 
21 
18 

18 

16 
18 
16 
17 
18 
16 
15 
15 


8 
6 
4 
9 
0 
6 

0 

1 
4 
0 
6 
0 
12 
8 
4 


Lbt, 
6 


18 

0 

8 

1 

14 

8 

14 

12 

17 

0 

15 

8 

6 

12 

16 

6 

15 

8 

14 


It  is  evident  that  Cunningham  did  not  carry  his  tests  far  enough 
to  give  decisive  indications.  In  spite  of  this  insuflBiciency,  it  is  plain 
that  those  methods  are  good  which  depend  on  tar  or  oil  as  a  protec- 
tive covering,  where  these  substances  really  cover,  but  when  they  are 
broken  up  into  tiny  particles  or  applied  to  a  wet  net,  as  in  Nos.  6,  7, 
and  11,  little  protection  is  given. 


SHSINKAGE  CAUSED  BY  PBE8EBVIN0. 


Cunningham  also  kept  a  record  of  the  shrinkage  caused  by  the 
various  methods  of  curing  nets.  As  stated  above,  the  nets  were  24J 
rows  per  yard  before  treatment.  After  treatment  they  varied  ac- 
cording to  the  following  list.  (Of  course,  the  greater  the  number 
of  rows  there  are  the  more  the  shrinkage  that  has  taken  place.) 
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No.  Bowv  per  yarl 

10.  Green  oil  alone 25* 

11.  Catch  and  Stockholm  tar 27 

12.  Cutch,    Stockhohn    tar,    and 

green  oil 25i 

13.  Cutch  and  Unseed  oil 27 

14.  Soap  and  copper  sulphate 27 

15.  Soap,  copper  sulphate,  and  lin- 

seed oil ^ 27 


No.  Bows  per  yard. 

1.  Cutch  only 26| 

2.  Glue  and  cutch 25i 

3.  Cutch,  glue,  and  bichromate-  25i 

4.  Cutch  and  copper  sulphate 25^ 

5.  Coal  tar  and  cutch 28i 

6.  Cutch  and  coal  tar  mixed 27 

7.  Cutch^  tar,  and  green  oil 251 

8.  Coal  tar  and  green  oil 25^ 

9.  Cutch  and  green  oil 261 

All  the  methods  caused  shrinkage,  the  greatest  being  caused  by 
coal  tar  and  cutch,  but  the  other  combinations  of  cutch  and  tar 
caused  marked  shrinkage.  All  the  tanning  methods  cause  shrinkage, 
and  the  shrinkage  increases  with  each  application  of  the  preserva- 
tive. 

To  conclude  the  discussion  of  tar  as  a  preservative,  it  can  be  said 
that'  tar  effects  excellent  preservation,  is  comparatively  inexpensive, 
and  requires  much  less  labor  and  time  than,  for  example,  the  com- 
bination of  catechu  and  linseed  oil.  For  the  heavier  and  coarser 
kinds  of  nets  that  are  anchored  or  moored  in  the  water,  such  as  tram- 
mel or  pound  nets  or  nets  that  are  handled  by  machinery,  the  method 
is  well  suited.  But  for  gill  nets,  the  method  is  *not  at  all  suited,  and 
for  even  the  heavier  seines  that  are  hauled  by  hand,  consideration 
should  be  givei)  to  the  extra  weight  added  by  tar  and  the  conse- 
quently increased  number  of  men  necessary  to  handle  nets  so  pre- 
served. In  such  cases,  especially  for  nets  that  can  be  dried  occa- 
sionally, the  more  improved  barking  methods,  such  as  quercitron  and 
potassium  bichromate,  are  likely  to  prove  to  be  better  and  to  be  little 
more  expensive  or  laborious  than  methods  employing  tar. 

Tar  should  never  be  mixed  with  catechu  solution  or  anything  else 
containing  water  before  application  to  the  net  and  should  never  be 
applied  to  a  wet  net.  It  may  be  thinned  with  creosote,  "  green  oil," 
turpentine,  etc.,  without  injury.  If  a  net  be  cutched  or  barked  before 
being  tarred,  it  should  be  thoroughly  dried  before  the  tar  is  applied. 
While  tar  may  be  applied  profitably  to  new,  white  nets,  it  seems 
likely  that  it  will  always  yield  a  good  return  on  the  investment  to 
tan  the  nets  with  quercitron  and  bichromate  and  to  follow  with  a 
thorough  drying  before  application  of  the  tar. 


CREOSOTE,  SMOKE,  ETC. 


As  stated  above,  tar  consists  of  a  solid  and  a  liquid  part.  The 
liquid  part  really  consists  of  a  number  of  different  liquids  and  vola- 
tile solids,  such  as  carbolic  acid,  benzol  (or  benzene),  napthalene,  etc., 
mixed,  which,  when  separated,  have  different  important  commercial 
uses.  They  are  distilled  off  from  coal  tar.  One  portion  (the  third 
main  portion  distilling  over  at  from  230  or  240  to  270°  C.])  is  known 
as  "  green  oil "  or  creosote  oil,  a  greenish-yellow,  oily  liquid,  heavier 
than  water,  and  containing  various  antiseptic  substances.  It  is  used 
for  the  preservation  of  crossties,  fence  posts,  telegraph  and  tele- 
phone poles,  and  has  been  used  for  the  treatment  of  nets.  Keference 
to  Cunningham's  table  above  shows  that  creosote  oil  alone  is  a  good 
preservative  for  nets  and  causes  little  shrinkage;  it  also  possesses 
this  advantage,  that  it  does  not  make  nets  stiff.  The  principal  objec- 
tion to  its  general  use  is  that  it  washes  out  or  evaporates  rather  rap- 
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idly  from  the  net,  and  no  method  of  fixing  it  is  known.  The  net  is 
oily  or  greasy  for  some  time  after  it  is  treated  and  is  therefore  objec- 
tionable to  handle. 

Concerning  the  mode  of  application  of  creosote,  Cunningham  says : 

There  are  many  different  ways  of  applying  the  green  oil  or  creosote  to  the 
nets;  the  net  may  be  well  cutched  first,  then  dried,  soaked  in  the  green  oil 
when  dry,  then  passed  through  a  wringing  machine,  and  spread  out  to  dry ;  or 
the  net  may  be  passed  straight  from  hot  cutch,  without  drying,  through  the 
green  oil,  and  then  dried,  or,  instead  of  the  oil  alone,  a  mixture  of  tar  and 
green  oil  may  be  used.  In  whatever  way  It  was  applied  I  found  pieces  of  net 
treated  with  green  oil  had  lost  but  very  little  strength  after  two  months' 
exposure  in  Newl^Ti  Harbor. 

The  principal  preserving  matters  in  creosote  that  comes  from  wood 
so  over  in  the  smoke  when  the  wood  burns  in  a  smoldering  fire. 
Upon  this  fact  is  based  a  method  using  smoke.<* 

It  is  stated  in  the  articles  referred  to  that  this  method  had  been 
used  on  the  Gulf  of  Courland  for  many  vears  in  houses  that  had  no 
chimneys  by  allowing  the  smoke  to  go  through  passa^  into  a  loft 
where  the  nets  were  hung.  A  direct  method  of  applying  the  smoke 
is  to  fasten  the  net  to  the  underside  of  boards  which  are  supported 
above  a  smoking  wood  fire. 

While  this  method  appears  to  be  primitive,  there  is  nothing  chemi- 
cally unreasonable  about  it,  and  it  mav  be  that  under  certain  circum- 
stances the  method  would  be  applicable  to-day.  It  would  certainly 
be  much  better  than  nothing,  provided  the  nets  were  not  allowed  to 
be  overheated  during  the  smoking  process.  It  would  be  necessary  to 
repeat  the  treatment,  perhaps  several  times  a  year.  The  method  has 
the  advantage  of  depositing  upon  the  fibers  the  volatile  antiseptic 
substances  of  tar,  without  the  heavy  thick  parts,  and  it  would  ap- 
pear less  likely  to  shrink  the  nets. 

COPPER   SULPHATE. 

It  was  noticed  in  the  figures  of  Lindeman,  given  above,  that  hemp 
threads  were  improved  by  every  method  that  improved  cotton 
threads ;  only  one  preserving  material  had  a  more  marked  effect  on 
hemp  than  on  cotton — that  is,  copper  sulphate  (or  copper  vitriol,  blue- 
stone,  blue  vitriol,  etc.,  as  it  is  variously  known).  This  substance 
has  long  been  used  for  nets,  alone  or  in  combination  with  other  sub- 
stances. According  to  a  quotation  in  the  Norsk  Fiskeritidende 
(1906)  this  is  used  in  Norway  for  the  treatment  of  salmon  nets.  One 
kilogram  (2^  pounds)  of  copper  sulphate  is  dissolved  in  a  barrel  of 
water.  The  nets  are  treated  with  this  by  allowing  them  to  lie  in  it 
overnight.  They  are  put  into  the  sea  as  soon  as  they  are  taken  from 
the  batn,  without  preliminary  drying.  Lindeman's  figures  show  that 
the  method  does  not  deserve  serious  consideration. 

What  is  perhaps  of  much  more  importance  is  a  method  of  using 
copper  sulphate  in  combination  with  soap.  A  method  of  this  kind  is 
said  to  have  been  used  in  the  French  sardine  industry  to  give  the  nets 
a  color.  Oils  consist  of  two  parts,  glycerin  combined  with  fatty  acids. 
When  the  glycerin  is  taken  out,  and  soda  or  potash  substituted  for  it, 

*See  MittbeiluDKen  des  WeetpreuRslschen  Flacherel-Vereins  (1896),  DeotBcher  Fiacherel- 
Verein  (1886),  and  Norsk  Fiskeritidende  (1806). 
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ordinary  soaps  are  produced.  If,  instead  of  the  alkalis,  any  other 
metal — such  as  copper,  mercury,  aliuninum,  etc. — ^is  used,  insoluble 
soaps — such  as  copper  soap,  mercury  soap,  aluminum  soap,  etc. — are 
produced.  The  simplest  method  of  preparing  these  ^^  heavy  metal 
soaps  "  is  first  to  make  ordinary  soap,  then  treat  it  in  solution  with 
a  compoimd  of  the  metal  whose  soap  is  desired.  Thus,  if  to  a  solution 
of  ordinary  soap  aluminum  chloride  is  added,  an  insoluble  waxy 
precipitate  falls— aluminum  soap;  if  copper  sulphate  is  employed 
instead  of  aluminum  chloride,  a  bright  green,  insoluble  copper  soap 
is  formed.  The  insoluble  calcium  soap  is  a  very  familiar  substance 
formed  when  soap  is  dissolved  in  "hard"  water — a  tallowy  stuli 
that  gets  on  one's  hands,  the  bathtub,  etc.  This  is  calcium  or  lime 
soap.  A  similar  soap  is  used  for  temporary  calking  of  small  leaks  in 
boats ;  a  soap  of  aluminum  is  used  to  waterproof  clothing,  for  it  makes 
clothes  difficult  to  wet,  the  water  rolling  on  "  Uke  water  from  a  duck's 
back." 

Now,  if  the  principal  reason  for  using  copper  to  preserve  nets  is 
that  it  kills  bacteria  and  other  injurious  living  things,  and  if  the 
principal  objection  to  its  use  as  bluestone  is  that  it  washes  out  so 
readily,  there  will  be  no  difficulty  in  seeing  that  the  object  of  using  it 
in  the  form  of  a  soap  is  to  take  advantage  of  its  protective  property 
and  at  the  same  time  to  prevent  it  from  escaping  into  the  water. 
Since  copper  soap  is  quite  insoluble  in  watfer,  there  would  be  no  way 
to  get  it  into  the  fibers  if  it  were  made  before  it  is  applied ;  it  is  there- 
fore necessary  to  cause  the  copper  soap  to  be  produced  inside  the  fiber 
by  impregnating  the  threads  nrst  with  soap  solution  and  then  with 
copper  sulphate.  In  the  practice  of  preserving  nets  the  following 
process,  according  to  Cunningham,  is  used : 

To  treat  a  net  by  this  process  from  one-half  to  three-fourths  pound  of  ordi- 
nary soap,  such  as  mottled  soap  *  *  •  is  used  for  each  gallon  of  water, 
and  the  soap  Is  dissolved  by  boiling  in  a  copper  or  in  a  galvanized  bath  over  a 
fire.  The  net  is  then  soaked  in  the  soap  solution,  taken  out,  squeezed  through 
the  hands,  and  allowed  to  drain.  The  copper  sulphate,  which  is  also  known  as 
blue  vitriol  or  bluestone,  must  not  be  dissolved  in  an  iron  vessel,  as  it  will  at- 
tack and  dissolve  the  iron.  It  must  be  put  into  a  wooden  or  earthenware  ves- 
sel, and  it  is  not  necessary  to  use  heat  to  dissolved  it,  as  it  wlU  dissolve  in  cold 
water  if  stirred  up  for  a  short  time.  The  net  while  still  hot  from  the  soap 
solution  is  then  passed  through  or  put  into  the  solution  of  bluestone,  and  the 
whole  net  becomes  uniformly  green.  The  net  is  then  rinsed  in  cold  water. 
About  three-fourths  pound  of  bluestone  to  a  gallon  of  water  is  the  proportion 
required. 

This  method  preserves  the  net,  according  to  Cunningham's  fig- 
ures, for  about  lour  weeks,  but  he  says  that  after  two  months  the 
sample  treated  was  quite  rotten.  The  process  can,  of  course,  be  re- 
peated as  often  as  necessary,  and  by  repeated  treatments  a  net  should 
be  kept  in  condition  for  years.    It  causes  strong  shrinking  of  the  net 

A  similar  method  is  recommended  for  ropes  and  canvas  by  the 
Norsk  Fiskeritidende  (1887).  The  procedure  there  given  is  as 
follows; 

Ropes  are  laid  first  for  four  days  in  a  solution  of  copper  vitriol  (20  grams 
to  a  liter  of  water — two-thirds  ounce  to  a  quart)  and  then  dried.  They  are  then 
tarred  in  the  usual  way  or  laid  in  a  soap  solution  (100  grams  to  a  liter  of 
water — 3i  ounces  to  a  quart)  until  they  are  saturated  through.  Canvas  is 
treated  only  with  the  vitriol  and  soap. 
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GENERAL  COMMENTS. 

Only  the  more  important  and  widely  used  or  promising  processes 
for  the  preservation  of  nets  have  been  considered.  To  anyone  who 
has  searched  literature  it  would  be  a  surprise  if  a  great  many  other 
methods  and  processes  were  not  found  to  have  been  tried.  The  list 
given  by  Jessen  includes,  besides  barking,  smoking,  alum,  train  oils, 
tallow,  grease,  bluestone,  potassium  bichromate,  various  compounds 
of  mercury,  iron  vitriol,  pine  tar,  wood  oils,  coal  tar,  aniline  dyes, 
and  various  other  products  of  gas  works,  salt,  resins,  soaps,  lime,  etc. 
But  all  the  recorded  data  found  that  will  have  a  material  value  nave 
been  included  in  this  paper. 

It  should  be  obvious  to  most  people  that  nets  should  always  re- 
ceive some  preservative  treatment.  Coarse  nets,  pound  nets,  and  the 
like  should  be  both  barked  with  catechu  or  quercitron,  mordanted 
with  potassium  bichromate,  and  then  tarred.  Where  it  is  not  pos- 
sible or  suitable  to  tar  the  nets,  they  should  receive  the  catechu  or 
quercitron  treatment  and  the  mordant.  It  is  preferable  to  use  two 
baths  of  Quercitron,  tl^e  first  containing  only  one-half  the  total 
amount  to  oe  used. 

Though  no  actual  figures  have  been  brought  forth  to  prove  it, 
there  is  little  doubt  that  nets  are  destroyed  more  rapidly  in  warm 
climates  and  warm  weather  than  in  cold.  Fishermen  should  take 
note  of  this  fact  and  be  accordingly  more  careful  of  their  nets  where 
the  weather  is  warm.  It  is  also  likely  that  foul,  dirty  water  works 
more  rapid  destruction  on  nets  than  clean  water. 

One  of  the  possible  ways  to  avoid  the  disinte^ation  of  nets  is,  of 
course,  the  chance  of  using  some  material  that  is  not  subject  to  de- 
cay— ^metalSj  for  example.  A  person  signing  the  initials  C.  J.  (1912) 
describes  briefly  in  the  Dansk  Fiskeritidende  some  experiments  with 
aluminum,  brass,  copper,  and  galvanized-iron  wire  for Tbow  nets.  The 
aluminum  proved  to  be  best. 

No  important  results  have  come  from  efforts  to  substitute  metals 
for  plant  fibers  for  nets. 

CARE  OF  NETS. 

When  nets  are  piled  up  wet— especially  if  they  are  foul  with  slime, 
blood,  fat,  etc. — tne  rapid  oxidation  heats  the  net.  Even  if  the  net 
does  not  take  fire  the  neat  generated  may  very  well  cause  a  ^eat 
weakening.  This  weakening  will  not  be  visible,  but  will  tell  in  a 
much  shorter  life  of  the  net.  However  carefully  the  net  is  barked 
or  tarred,  a  very  short  life  can  be  looked  for  if  the  net  has  been 
heated. 

For  a  temporary  preservative,  where  it  is  not  possible  to  dry  the 
nets,  it  is  customary  to  salt  them.  This  is  a  useful  treatment,  as  far 
as  it  goes.  Salt  is  not  in  itself  poisonous  or  injurious  to  small 
organisms  or  bacteria  (for  they  live  in  the  sea  which  contains  much 
saR)  if  the  concentration  is  not  too  great.  But  it  is  well  known  that 
when  any  watery  organism  is  exposed  to  a  salt  solution  stronger  than 
its  own  juice  water  will  be  extracted  and  usually  the  organism  dies. 
The  salt  is  injurious  to  living  things  not  because  of  its  saltiness,  but 
because  of  its  concentration ;  not  because  it  is  poisonous,  but  because 
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it  extracts  the  water  necessary  for  things  to  live  on.  The  rule  is  that 
a  stronger  salt  solution  will  extract  water  from  a  weaker  juice  where- 
ever  it  comes  in  contact  with  it. 

This  principle  is  made  use  of  in  many  ways.  Every  fisherman 
knows  tnat  salt  draws  the  water  out  of  fish  in  the  curmg  process. 
It  is  not  so  apparent,  but  it  is  equally  true,  that  it  draws  the  water 
from  and  kills  the  bacteria  that  would  otherwise  cause  the  fish  to 
decay,  and  thus  preserves  it.  Any  equally  concentrated  substance 
would  do  the  same.  Thus  sugar  is  used  in  very  concentrated  sirup 
to  preserve  fruits;  if  the  preserves  were  suflSciently  diluted  with 
water,  bacteria  could  live  in  them  and  they  would  spoil. 

In  this  way  salt  preserves  nets.  It  dissolves  in  the  moisture  on  the 
threads  to  make  a  very  strong  solution;  this  strong  solution  kills 
bacteria  and  other  small  organisms  by  extracting  ttie  water  from 
them.  From  this  it  is  hardly  necessary  to  say  that  the  salt  should 
be  applied  generously,  and  preferably  in  the  dry  condition,  to  a  wet 
net.    If  brine  is  used,  it  should  be  very  strong. 

But  salt  will  not  prevent  heating  in  an  oily  net  that  has  just 
caught  very  fat  fish,  such  as  herring.  The  heatmg  is  caused  by  the 
air  working  on  the  fat.  The  only  way  to  prevent  this  heating  is 
either  to  get  rid  of  the  fat  or  to  prevent  the  air  from  getting  to  it. 
Aboard  a  vessel  it  is  not  always  convenient  to  wash  the  net  out  imme- 
diately, nor  is  there  room  to  spread  the  net  (if  spread,  the  heat,  of 
course,  escapes  as  fast  as  produced  and  no  harm  is  done).  Bull 
'  (1905)  suggests  that  to  prevent  this  heating  of  recently  used  herring 
nets  aboard  a  vessel,  there  be  provided  a  wooden  tank  with  a  tight- 
fitting  lid,  filled  with  water  or  salt  solution,  and  that  the  net  be  put 
into  this  and  covered  over  with  the  lid  until  there  is  opportunity  to 
wash  it.  'The  water  or  salt  solution  keeps  out  the  airland  prevents 
heating.  The  cheapest  obtainable  grade  of  salt  may  be  used,  since 
there  is  not  likely  to  be  anjrthing  in  it  that  is  injurious  to  nets. 

Nets,  as  every  fisherman  knows,  should  be  washed  and  dried  at 
every  opportunity. 

CONCLUSION. 

The  most  important  methods  of  preserving  nets  are  tanning,  for 
which  an  improved  recipe  is  given  on  page  22;  tarring,  found  on 
page  26;  and  creosote,  found  on  page  30.  Other  methods  are  also 
given. 
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LETTER  OF  TRANSMITTAL. 


Dbpartmbnt  of  Gommbbcb, 

BUBBAU  OF  FiBHBRtBS, 

Washington,  June  15,  19tO. 
Hon.  Hugh  M.  Smtth, 

Commisncner  of  FuhnHu, 

Dbas  Sir:  I  have  the  honor  to  submit  herewith  "An  Analytical  Subject  Bibli- 
Of^phy  of  the  PublicatioDB  of  the  Bureau  of  Fiaheriee,  1871>1920, ''  beinf?  an  analyak 
oi  the  reports,  appendixes,  specialjpapere,  bulletins,  economic  circulars,  occasionAl 
papers,  and  of  "  Tne  Fiisheries  and  Fishery  Industries." 

Covering  the  investigations  of  the  Biueau  since  its  incipiency ,  it  shows,  in  a  measure, 
the  work  of  a  number  of  men  of  no  mean  fame  in  the  field  of  biology.  Much  of  it  was 
pioneer  work,  which  modem  investigators  can  not  afford  to  ignore. 

The  work  here  transmitted  was  stuted  in  1912,  as  a  catalogue  of  the  publications 
of  the  Bureau.  Later  it  was  decided  to  assemble  these  titles  tmder  subjects  pertinent 
to  the  work  of  the  Bureau. 

In  compiling  this  subject  index  it  was  found  that  references  to  many  valuable 
results  would  be  lost  unless  a  meticulous  analysis  of  the  publications  be  made,  l^h 
paper  was  therefore  examined  searchingly,  and  when  the  discussion  was  found  to  be  ol 
sufficient  detail,  a  title  for  it  was  made.  For  instance,  of  the  141  titles  of  Food  of  fishes, 
87  were  made  from  the  subject  contents. 

It  had  long  been  realized  and  often  stated  by  those  cognizant  of  the  ideals  of  tlie 
Bureau  that  there  was  a  veritable  fund  of  valuable  information  in  the  publications 
of  the  Bureau,  which  was  lost  because  the  modem  investigator  knew  not  how  to  find  it. 
It  is  hoped  that  this  work  will  prove  a  viJuable  key. 

The  arrangement  differs  from  that  usually  employed  in  bibliographies,  the  object 
having  been  to  arrange  it  from  the  viewpoint  of  the  investigator.  Into  a  work  of  such 
detail,  the  preparation  of  which  has  necessarily  extended  over  several  years,  some 
mistakes  will  doubtless  appear.  For  these  I  am  quite  willing  to  assume  responsibility, 
knowing  that  a  bibliograpny  of  such  magnitude  can  not  be  perfect. 

In  its  entirety  it  stands  as  a  slight  tribute  to  the  builders  of  the  Bureau  of  Fisheries 
and  to  all  who  nave  labored  with  them.    It  has  been  a  pleasure  and  an  inspiration 
to  do  the  work,  and  I  hope  it  may  prove  of  value.    I  have  the  honor  to  be. 
Very  respectfully, 

Rosa  M.  E.  MaoDonald,  Librarian, 
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EXPLANATORT  NOTE. 

The  bibliography  is  oompoeed  of  two  styles  of  titles,  those  given  just  as  they  appear 
in  the  publications  and  those  resulting  from  the  analysb  of  each  article.  Forthefint 
style,  cuds  have  been  printed  by  the  Library  of  Congress  from  copy  prepared  in  this 
Bureau.  These  cards  may  be  purchased  from  the  Library  of  Congress,  the  cud 
wanted  to  be  designated  by  the  call  number,  which  appears  in  theiimt-haQd  maigin 
of  each  pa^.  The  second  style,  or  ''made  tities, "  are  designated  oy  brackets  abd 
have  no  prmted  cards. 

The  arrangement  under  each  subject  is  by  authon  listed  alphabetically.  The 
arrangement  under  each  author  is  chronological. 

Work  or  investigations  covered  in  the  annual  report  of  the  CommisBioner  are  com- 
bined under  the  authorship  of  the  United  States  Commissioner  of  Fisheries.  To  give 
the  name  of  the  Commissioner  sponsoring  the  work  would  frequently  destroy  the 
chronological  arrangement.  For  tnose  who  may  care  to  cite  the  CominiaBioner's  name 
the  following  list  is  given: 

Baird,  Spencer  Fullerton,  1871-1887. 

Goode,  G.  Brown,  1887-1888. 

McDonald,  Aiazahall,  1888-1895. 

GiU,  Herbert  A.  (acting),  1895-1896. 

Brice,  John  J.,  1896-1898. 

Bowers,  George  M.,  1898-1913. 

Smith,  Hufi^  M.,  1913- 
For  the  purpose  of  dironological  arrangement,  divisional  reports  are  given  under 
the  authorship  of  the  United  States  Bureau  of  Fisheries. 

In  anaylzing  reports  (meaning  also  appendixes  and  special  napen)  and  bulletins, 
the  analysis  in  each  case  has  been  of  the  bound  volume,  and  me  date  of  issue  given 
for  each  title  is  therefore  that  of  the  volume.  In  the  majority  of  cases,  however, 
the  articles  comprising  the  bound  volume  are  first  issued  as  separates.  In  all  such 
instances,  in  addition  to  the  date  of  issue  of  the  volume,  the  date  oi  issue  of  the 
article  as  a  separate  is  given  in  italics.  The  one  exception  is  in  the  treatment  of 
the  annual  reports^  page  7,  where  the  date  of  issue  of  the  separate  orly  is  given. 

B&ng  an  analysos  of  publications  of  the  Bureau  of  fisheries  only,  which  are  always 
printed  in  Washington  and,  with  few  exceptions,  by  the  Government  Printing 
Office,  the  place  of  publication  is  omitted  in  every  case,  and  the  printer  given  only 
in  the  exceptions. 
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tennial exposition,  Portland,  Oregon.  1905,  by  the  U.  S.  Department  of  commerce 
and  labor,  section  of  the  Bureau  of  nsheries.    6  p.,  illus. 

[Origin  and  functions.]  Printed  for  distribution  at  the  Ter-Centennial  Expo- 
sition, near  Norfolk,  Va.,  1907,  by  the  U.  S.  Bureau  of  fisheries.  1907.  10  p.; 
illus. 

ANNUAL  REPORTS. 

U.  8.  Oonuniflflioner  of  Fiaheries:  Annual  report.  1871  and  1872,  Doc.  S  issued  187S, 
1872  and  1873,  Doc.  4  issued  1874;  1873-74  and  1874-75,  Doc.  15  issued  July  i4, 
1876;  1875  and  1876,  Doc.  17  issued  1879;  1877,  Doc.  25  issued  Oct.  17,  1879;  1878/ 
Doc.  28,  issued  1880;  1879,  Doc.  46  iesu^d  June,  1882;  1880,  Doc.  62  issued  1883; 
1881,  Doc.  65  issued  Jan.  22, 1884;  1882,  Doc.  77  issued  Aug.  15, 1884;  1883,  Doc. 
95  issued  Dec.  19, 1885;  1884,  Doc.  108  issued  Nov.  24, 1886;  1885,  Doc.  115  issued 
May  16,  1887;  1886,  Doc.  1S4  issued  1889;  1887,  Doc.  176  issued  Dec.  1,  1891; 
1888^9,  Doc.  192  issued  189S;  1889-1891,  Doc.  213  issued  1893;  1892,  Doc.  283 
issued  Dec.  26, 1894;  1893,  Doc.  298  issued  May  28, 1896;  1894,  Doc.  315  issued  1896; 
1895,  Doc.  331  issued  Jan.  6, 1897;  1896,  Doc.  337  issued  May  29, 1897;  1897,  Doc. 
344  issued  Feb.  21, 1898;  1898,  Doc.  398  issued  Mar.  16, 1899;  1899,  Doc.  430  issued 
Sept.  8,  1900;  1900,  Doc.  450  issued  Dec.  15,  1900;  1901,  Doc.  481  issued  June  30, 
1902;  1902,  Doc.  524  issued  Apr.  16, 1903;  1903,  Doc.  548  issued  May  9, 1904;  1904, 
Doc.  553  issued  Jan.  11, 1905;  1905,  Doc.  594  issued  Jan.  19, 1906;  1906,  Doc.  608 
issued  Dee.  31, 1906;  1907,  Doc.  629  issued  Dec.  13, 1907;  1908,  Doc.  642  issued  Dec. 
23, 1908;  1909,  Doc.  727  issued  Feb.  12, 1910;  1910,  Doc.  734  issued  Nov.  25,1910; 
1911,  Doc.  753  issued  May  4,1912;  1912,  Doe.  772  issued  Feb.  1.1913;  1913,  Doc.  78 
issued  Jan.  27, 1914;  1914,  Doc.  807  issued  Dec.  9, 1914;  1915,  Doc.  827  issued  Dec. 
24,  1915;  1916,  Doc.  836  issued  Dec.  16,  1916;  1917,  Doc.  845  issued  Dec.  6,  1917; 
1918,  Doc.  862  issued  Dec.  11,  1918;  1919,  Doe.  877  issued  Dec.  11,  1919;  1920, 
Doe.  894  issued  Dec.  16,  1920.  FlO-2-^ 

PUBLICATIONS. 

Beodder,  Oharles  W.:  A  list  of  the  blank  forms,  circulars,  and  minor  publications 
of  the  U.  S.  Fish  commission  from  August  1,  1883,  to  August,  1884.  BuUetin, 
1884  (1884),  vol.  IV,  p.  397^00.  F18-350 

List  of  publications  of  the  United  States  Fish  commission  from  its  establishment 

in  February,  1871,  to  February,  1896.    Report,  1894  (1896),  p.  617-706.    Doc.3t9 
issued  Dec.  14, 1896. 
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Smiley,  Charles  Wesley:  List  of  papers  relating  to  the  work  of  the  United  States 

Fish  oommiflBion  from  its  organization  in  1871,  to  July  1, 1883,  and  which  have 

been  published  under  the  direction  of  the  United  States  Fish  conunissioa. 

National  museum,  and  Tenth  census,  together  with  a  topical  synopsis  of  the  titles. 

Bulletin,  1883  (1883),  vol.  Ill,  p.  1-85.  F18-114 
A  list  of  the  blank  forms,  drculus,  and  minor  publications  of  the  United 

States  Fiflh  commission  from  its  organization  in  1871  to  August  1 ,  1883 .    Bulletin, 

1883  (1883),  vol.  Ill,  p.  129-148.  F18-121 
Chronological  list  of  pamphlet  publications  of  the  U.S.  Fish  commission  from 

its  organization  in  1871  to  January,  1885.    Bulletin,  1885  (1885),  vol.  V,  p.  41-18. 

F18-376 
XJ.  8.  Bureau  of  Fisheries:  Publications  of  the  United  States  Commission  of  fish 

and  fisheries  available  for  distribution  on  June  30,  1897.    Appendix  7,  Report, 

1896  (1897),  p.  343-356.    Doc.  S54  ismed  Feb.  4y  1898. 
Publications  of  the  United  States  Commission  of  fish  and  fisheries  available  for 

distribution  on  March  1, 1899.    Report,  1899  (1900),  p.  313-327.    Doc.  406  issuai 

Mar.  t8,^  1899. 
— ' Publications  of  the  United  States  Conmiission  of  fish  and  fisheries  available 

for  distribution  on  June  30,  1903.    Report,  1903  (1905),  p.  529-551.    Doc,  652 

issued  Oct.  £7,1904. 
List  of  publications  of  the  Bureau  of  fisheries  available  for  distribution.    Doe. 

614  issued  Sept.  4, 1907;.  Jan.  23, 1908;  Apr,  25, 1908;  Dec,  tl,  1908;  Mar.  iO.  1909; 

May  7, 1910;  Feb.' 19, 1911;  Aug.  15,  1913;  Oct.  20, 1914;  July  17, 1915;  May  26, 

1916. 

LABORATORIES. 

BEAUFORT,   N.   O. 

HISTORY. 

tJ.  8.  Bureau  of  Fisheries:  The  Bureau  of  fisheries  and  its  biological  station  at 
Beaufort,  N.  C.    1916.    11  p.,  illus.    [Occasional  papers.]  F16-104 

V.  8.  Oommiasioner  of  Fisheries:  [Establishment  of  station.]  Report.  1901 
(1902),  p.  14-15. 

[Description  of  laboratory.]    Report,  1903  (1905),  p.  14-15,  illus. 
Improvements  and  repairs.]    Report,  1915  (1917),  p.  34-35. 

BBIEF   MENTION   OP  WORK. 

U.  8.  Commissioner  of  Fisheries:  Report,  1905  (1907),  p.  26;  1906  (1908),  p.  15; 
1908  (1910),  p.  11;  1909  (1911),  p.  16;  1910  (1911),  p.  19;  1911  (1913),  p.  23;  1912 
(1914),  p.  57;  1913  (1914),  p.  31-32;  1915  (1917),  p.  35;  1918  (1920),  p.  28;  1919 
(1921),  p.  29. 

RisUH^   OF  INVESTIGATIONS. 

Smith,  Hugh  McOormick:  [Investigation  for  1898-1903.]  Report,  1899  (1900), 
p.  OXLn-CXLIII;  1900(1901),  p.  125-126;  1901  (1902),  p.  131-132;  1902(1904), 
p.  138;  1903  (1905),  p.  99-100;  1904  (1905),  p.  118-120. 

V,  S.  Oommiasioner  of  Fish^es:  [Report  of  investigation  for  1906.]  Report, 
1907  (1909),  p.  12-13. 

[Report  of  investigations  for  1913.]    Report,  1914  (1915),  p.  68-69. 

[Service  of  the  Beaufort  laboratory.]    Report,  1916  (1917),  p.  46-47. 

FAIRPORT,   IOWA. 

HISTORY. 

Ooker,  Robert  Brvin:  The  Fairport  fisheries  biological  station:  its  equipment, 
organization,  and  functions.  Bulletin,  1914  (1916),  vol.  XXXIV,  p.  383-405, 
illus..  pi.  LXXVI-LXXXI.    Doc.826is8uedJuly7, 1916.  F16-131 

Tne  Fisheries  biological  station  at  Fairport,  Iowa.    Appendix  I,  Report, 

1920  (192-) .    Doc.  895  issued  1921. 

TJ.  S.  Commissioner  of  Fisheries:  [Fisheries  laboratory  at  Fairport.]  Report,  1914 
(1915),  p.  69-70:  1915  (1917),  p.  33-34. 

[Service  of  Fairport  laboratory.]    Report,  1916  (1917),  p.  47-48. 

[Destruction  by  fire.]    Report,  1918  (1920),  p.  28. 

Wilson,  Charles  Branch:  [Description  of  ponds  at  Fairport.]  Bulletin,  1917-18 
(1921),  vol.  XXXVI,  p.  186-188. 
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BRIEF  MENTION   OF  WORK. 

XT.  S.  CommiBsioner  of  Fisheries:  Report,  1911  (1913),  p.  20;  1912  (1914),  p.  57; 
1913  (1914),  p.  32;  1916  (1917),  p.  47-48;  1917  (1919),  p.  87;  1918  (1920),  p.  28; 
1919  (1921),  p.  28. 

KEY  WEST,   FLA. 

HISTORY. 

tJ.  8.  Conixnissioner  of  Fisheries:  [Acquisition  of  land  and  plans  for  laboratory.] 

Report,  1916  (1917),  p.  47. 
[Construction  started.]    Report,  1917  (1919),  p.  87. 

BRIEF  MENTION   OF  WORK. 

T7.  8.  Coniznisflloner  of  Fisheries:  Report,  1918  (1920),  p.  28;  1919  (1921),  p.  28. 

WOODS  HOLE,   MASS. 


Bairdy  Spencer  Fullerton:  The  Woods  Hole  station.  (Records,  inception,  rise, 
progress,  and  current  condition.)  Report,J882  (1884).  o.  XXXVIII-XLI;  1883 
Q885)^  p.  LIII-LVI;    1884  (1886),  p.  XXXVII-XXXIX;    1886  (1887),  p. 

Kidder,  Jeroxae  Henry:  Report  upon  the  water  supply  of  the  Fish  commission 

station  at  Wood's  Holl,  Massachusetts.    Report,  1884  (1886),  p.  215-221,  illus., 

pi.  F17-124 

Bsvenel,  '^K^lliam  de  Ghastignier:  [Installation  of  aquarium.]  Report,  1895  (1896), 

p.  18. 
XT.  8.  Bureau  of  Fisheries:  The  Bureau  of  fisheries  and  its  station  at  Woods  Hole, 

Mass.    1915.    11  p.,  illus.    [Occasional  papers.]  F15-77 

TJ.  8.  Commissioner  of  Fisheries:  Selection  of  Woods  Hole.    Report,  1875-1876 

(1878),  p.  4». 
Memoranda  for  the  construction  of  a  harbor  of  refuge  at  Woods  Hole,  Mass. 

(Circular  typewritten  and  lithographed).    6  p.    Doe.  44  issued  Apr.  i8,  1882. 

rAppropnation  by  Con^p-ess.]    Report^  1882  (1884),  p.  XLI. 

[PurchaBeof  land  by  pnvate  subscription;  also  donation  of  shore  line.]  Report, 

1883  (1885),  p.  LIV. 
[Service  of  Woods  Hole  laboratory.]    Report,  1916  (1917),  p.  45-46. 

BRIEF  MENTION   OF  WORK. 

XT.  8.  Commissioner  of  Fisheries:  Report,  1885  (1887),  p.  11;  1887  (1891),  p.  16; 

1896  (1898),  p.  3;  1898  (1899),  p.  XVI;  1901  (1902),  p.  10;  1906  (1908),  p.  15; 
1908  (1910),  p.  11;  1909  (1911),  p.  16;  1910  (1911),  p.  19;  1911  (1913),  p.  23;  1912 
(1914),  p.  58;  1913  (1914),  p.  31;  1917  (1919),  p.  86;  1918  (1920),  p.  28;  1919  (1921), 
p.  28. 

R^SUHA  of  INVESTIGATIONS. 

Evexmann,  Barton  Warren:  [Report  of  investigations  for  1903.]  Report,  1904  (1905), 
p.  93-98. 

Kathhan,  Richard:  [Report  of  investigations  for  1887  to  1895.]  Report,  1888-89  (1892), 
p.  XLI-CVII;  1889-1891  (1893),  p.  151-167;  1892  (1894),  p.  CfiC-€X;  1893  (1895), 
p.  36-38;  1894  (1896\  p.  96-99;  1895  (1896),  p.  89-92;  1896  (1898),  p.  116-118. 

Kyder,  John  Adam:  Iteport  of  operations  at  the  laboratory  of  the  if.  S.  Fish  com- 
mission, Woods  Hole,  Mass.,  during  the  summer  of  1888.  Report,  1888-89  (1882), 
p.  513-522.    Doc.  181  issued  June  SO,  1892.  F12-223 

Smith.  Hugh  MoOormick:  [Report  of  investigations  for  1897  to  1903.1    Report, 

1897  (1898),  p.  CXX-CXXI;  1898  (1899),  p.  CXLIII-CXLV;  1899  (1900),  p. 
122-124;  1900  (1901),  p.  122-124;  1901  (1902),  p.  127-130;  1902  (1904),  p.  136;  1903 
(1905),  p.  93-98. 

XT.  8.  Commissioner  of  Fisheries:  [Report  of  investigations.]  Report,  1905  (1907), 
p.  26-27;  1907  (1909),  p.  12;  1914  (1915),  p.  67-68;  1915  (1917),  p.  34;  1916  (1917), 
p.  46. 
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VESSELS.  DESCRIPTION  OF. 
ALBATROSS. 

Baird,  QeorM  Washington:  Report  on  the  working  of  the  boilerB  and  engine 
of  the  U.  ».  Fish  commiflBion  steamer  Albatron.  Bulletin,  1884  (1884),  vol.  IV, 
p.  145-151.   -  F18-256 

Annual  report  on  the  electric  lighting  of  the  United  States  steamer  Albatross, 

December  31,  1883.  Bulletin,  18W  (1884),  vol.  IV,  p.  153-168,  illus.  Doc.  7S 
issued  June  i5,  1884.  F13-90 

Tanner,  Zera  Lather:  Report  on  the  work  of  the  United  States  Fish  commisBion 
stefuner  F'fsh  Hawk  for  tne  year  ending  December  31, 1882,  and  on  the  construc- 
tion of  the  steamer  Albatross.    Report,  1882  (1884),  32  p.  Fll-270 

Report  on  the  construction  ana  outfit  of  the  Unitea  States  Fish  conmussion 

steamer  Albatross.  Report,  1883  (1885),  p.  3-116,  LV  pi.  Doc.  107  issued 
Sept.  7, 1886.  Fll-295 

Deep-sea  exploration:  a  general  description  of  the  steamer  Albatross,  her 

appliances  and  methods.  Bulletin,  1896  (1897),  vol.  XVI,  p.  257-428,  illus., 
LX  pi.    Doc.  S90  issued  June  U,  1897.  F12-112 

TJ.  8.  Bureau  of  Fiaheries:  Specifications  for  building  the  new  boilers,  etc.,  for  the 
steamer  Albatross.    25  p.    Voc.  109  issued  1886. 

TJ.  8.  Oonuniflflioner  of  Fisheries:  [Proposed  steamer  Albatross.]  Report,  1881 
(1884),  p.  XXIII-XXIV. 

[Repairs  to  Albatross.]    Report,  1899  (1900),  p.  XXVII. 

BLUE    LIGHT. 

XT.  8.  ConunisBioner  of  Fisheries:  [Detail  by  Secretary  of  I^'avy  of  Blu£  Light.] 
Report,  1877  (1879),  p.  2*. 

CANVAS    BACK. 

TX.  8.  Bureau  of  Fisheries:  Specifications  for  the  paddle-wheel  steam  sein  boat 
Canvat  Back,  for  service  in  the  river  and  bay  fisheries.  12  p.  Doc.  35  issued 
Feb.  18,  188g.  F12-234 

TJ.  8.  Conunisaioner  of  Fisheries:  [Cani^as  Back  loaned  to  State  of  Virginia.] 
Report,  1893  (1895),  p.  9. 

FISH   HAWK. 

Tanner,  Zera  Luther:  Report  on  the  construction  and  work  in  1880  of  the  Fish 
coDunission steamer  Fish  Hawk.  Report,  1881  (1884),  53  p.  incl.  tables,  XVIII  pi. 
Doe.  70  issued  May  1,  1884.  .  F12-234 

TJ.  8.  Ck>nmii88ioner  of  Fisheries:  Specifications  for  building  the  screw-steamer 
Fish  Hawk.  (TJ.  S.  Lighthouse  establishment.)  46  p.  Doc.  H  issued  July, 
1879.  F12-235 

rConstruction  of  the  Fish  Hawk.]    Report,  1879  (1882),  p.  XVIII. 

[Description  of  the  Fish  Hawk.]    Report,  1880  (1883),  p.  XXVI. 

GRAMPUS. 

Balrd,  Spencer  Fullerton:  [Description  of  the  Grampus.]    Report,  1885  (1887), 

p.  XXIV-XXXII. 
Colhna,  Joseph  Williani:  Report  on  the  construction  and  equipment  of  the  schooner 

Grampus.    Report,  1887  (1891),  p.  437-490,  XVIII  pi.    Doc.  171  issued  A^uf.  U, 

1891  Fll-333 

I^bbey,  William:  [Description  of  the  Grampus.]    Bulletin,  1889  (1891),  vol.  IX, 

p.  393-394. 
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SPEEDWELL. 

tJ.  8.  Oommiflsioner  of  FiBheries:  [Detail  of  the  SpeedtoeU.]  Report,  1877  (1879), 
p.  2*  -3*. 

SCIENTIFIC  APPARATUS  AND  INSTRUMENTS. 

Beardslee,  Lester  Anthony:  Experiments  upon  the  time  of  expoBore  required 
for  accurate  observationB  on  the  Caaella-Bliner  deep-«ea  thermometer.  Report, 
1877  g879),  p.  887-900.  F1^125 

Casella,  Louis  P.:  Treatment  of  the  CasellarMiller  thermometer.  Bulletin,  1884 
(1884),  vol.  IVj).  415.  F18-351 

^er,  Jerome  K.:  Report  on  the  thermometers  of  the  U.  S.  CommisBbn  of  GA 
and  fisheries.    Report,  1885  (1887),  p.  185-214,  illus.    Doc,  116  usued  Oct,  7, 1887 . 

Fll-300 
Libbey,  William:  [Appliances  used  in  the  work  of  a  physical  investigation  of  the 
waters  off  the  southern  coast  of  New  England.]  Bulletin,  1889  (1891),  vol.  IX, 
p.  394-398. 
Batnbun,  Richard:  Descriptive  catalogue  of  the  collection  illustrating  the  scien- 
tific investigation  of  the  sea  and  fresh  waters.  (Great  International  fiaheiies 
exhibition.    London,  1883.)    109  p.    Doc.  $9  issued  Apr.  19.  1884.  F12-296 

Tanner,  Zera  Luther:  [Apparatus  for  deep-sea  research,  on  the  U.  8.  Fish  com- 
mission steamer  Albatross.]    Report,  1883  (1885),  p.  53-102. 
•  [Appliances  and  apparatus  on  the  U.  S.  Fish  commisBion  steamer  Albatross. 1 
>ort,  1886  (1889),  p.  636-644. 

)n  the  appliances  for  collecting  pelagic  organisms,  with  special  ref^ence  to 

those  employed  by  the  U.  S.  Fish  commisBion.    Bulletin,  1894  (1895),  vol.  XIV, 

p.  143-151,  pi.  9-12.    Doc.  £89  issued  Nov.  it,  1894.  F12-176 

-  [Description  of  Sigsbee's  gravitating  trap.]    Bulletin,  1894  (1895),  vol.  XIV, 


p.  145-146. 
Pescription  of  the  Chun-Peterson  tow  net.]    Bulletin,  1894  (1895),  vol.  XIV,  p. 

146-147. 
[Description  of  the  Tanner  intermediate  tow  net.]    Bulletin,  1894  (1895),  vol. 

XIV,  p.  147-151. 
Deep-sea  explorations:  a  general  description  of  the  steamer  AVbaJtross,  and  her 

appliances  and  methods.    Bulletin,  1896  (1897),  vol.  XVI,  p.  257-428,  illus.. 

IX  pi.    Doc.SSOissued  June  U,  1897.  F12-112 

Townsendy  Charles  Haakins:  Description  of  a  closing  tow  net  for  submarine  use  at 

all  depths.    Report,  1894  (1896),  p.  279-282.    Doc.  Sit  issued  Nov.  t8, 1896. 

Fll-188 
VerriU,  Addison  Bmorv:  Description  of  some  of  the  apparatus  used  by  the  United 

States  Commission  of  fish  ana  fisheries  in  dredging  off  the  New  England  coast. 

Report,  1880  (1883),  p.  65-74,  4  pi.  F16-303 

INVESTIGATIONS  AND  RESULTS. 

Karsten,  Qustav:  On  the  scientific  investigation  of  the  Baltic  Sea  and  the  German 
Ocean.    Report,  1878  (1880),  p.  283-294.  F16-162 

Martens.  J.  B.:  [First  investigation  of  the  depths  of  the  ocean.]  Bulletin,  1882 
(1883),  vol.  II,  p.  260-262. 

[The  Challenger  scientific  voyage  around  the  world.]    Bulletin,  1882  (1883), 

vol.  II jp.  262-264. 

Prussia.  iEommisaion  zur  wissenacKaftliehen  Untersuchunff  der  Deutsehen 
Meere  in  Kiel:  Popular  extracts  from  the  investigations  of  tne  commission  for 
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Report  of  operations  at  St.  Jerome  station  in  laying  out  oyster  ponds  by  the 

steamer  Fish  Howl.  Report,  1883  (1885),  p.  1153-1156,  tables.  FI7--42 
Report  on  the  work  of  the  U.  S.  Fish  commission  steamer  Fish  Eawh,  tor  two 

years  ending  December  31,  1884.    Report,  1884  (1886),  p.  117-122. 

bAsumA  of  work. 

Baird,  Spencer  P.:  [Work  of  the  Fish  Eawh]    Report,  1881  (1884),  p.  XI-XXII; 

1882X1884),  p.  XXVII-XXVIII;  1883  (1885),  p.  XXXI-XXXIII;  1884  (1886), 

D.  XX;  1885  (1887),  p^  XXVIII;  1886  (1889),  p.  XLVI. 
McDonald,  Marshall:  [Work  of  the  Fish  Eawh^    Report,  1887  (1891),  p.  I.IV; 

1888-89  (1892),  p.  XII-XIII;  188^91  (1893)^.  4-5. 
Bathbun,  Bichard:  [Investigation  of  the  Fish  Eawh  during  1889  and  1890.]   Report, 

1889-92  (1893),  p.  110-115. 
[Work  of  the  Fish  Hmh.]    Report,  1892  (1894),  p.  CIII-CVI;  1893  (1895), 

p.  22-23;  1894  (1896),  p.  91-92;  1896  (1898),  p.  105-109. 
tJ.  S.  Commissioner  of  Fisheries:  [Work  of  tne  Fish  Eawh.]    Report,  1898  (1899), 

p.  XXIV;  1899  (1900),  p.  XXV-XXVII;  1900  (1901),  p.  22;  1901  (1902),  p.  lS-14; 

1902  (1904),  p.  17;  1903  (1905\  p.  20-21;  1904  (1905),  p.  18;  1905  (1907),  p.  37; 

1906  (1908),  p.  20;  1907  (1909),  p.  18;  1908  (1910),  p.  11;  1909  (1911),  p.  17;  1911 

(1913),  p.  63;  1912  (1914),  p.  6^6;  1914  (1915),  p.  63;  1915  (1917),  p.  31;  1916 

(1917),  p.  40;  1917  (1919),  p.  102. 

GRAMPUS. 

Adams,  A.  O.,  and  William  Converse  Kendall:  Report  upon  an  investigation  of 
the  fishinff  grounds  off  the  coast  of  Florida.  Bulletin,  1889  (1891),  voT  IX,  p. 
28^-312,  ft,  illus.,  pi.  CXI  (fold.).    Doc.  169  issued  July  t4,  1891.  F12-150 

Baird,  Spencer  F.:  {Uram'pus  goes  into  commissbn  June  5,  1886.]  Report,  1886 
(1889^  p.  XIX-XX. 

Collins,  j3.  B.;  T.  H.  Bean;  and  Bichard  Bathbun:  Results  of  investigations 
by  the  schooner  Qrampus  on  the  southern  mackerel  grounds  in  the  spring  of  1887.  i 
BuUetin,  1887  (1889),  vol.  VII,  p.  217-267.  Fl8-€74| 

Libbey,  William:  Report  upon  a  ph^cal  investigation  of  the  waters  off  the  southan 
coast  of  New  Engknd,  made  during  the  summer  of  1889  by  the  U.  S.  Fish  com- 1 
mission  schooner  Grampus.  Bulletin,  1889  (1891),  vol.  IX,  p.  391-459,  incl.  I 
tables,  pi.  CXXrV-CLVIII.    Doc.  168  issued  Aug.  «6,  1891.  Fll-353 

[Physical  investigations  by  the  Grampus  during  1892.]    Report,  1893  (1895), 

p.  32-35. 

Bathbun,  Bichard.  [Investigations  of  the  Grampus.]  Report,  1892  (1894),  p.  CYll-' 
CVIII;  1894  (1896),  p.  91-93;  1896  (1898),  p.  104-105. 

U.  S.  Bureau  of  Fisheiies:  Report  upon  the  operations  of  the  U.  S.  Fish  commission 
schooner  Grampus,  from  June  5,  1886  to  Juue,  30,  1888.  Report,  1886  (1889), 
p.  701-720;  1887  (1891),  p.  491-598,  XVI  pi.    Doc.  172  issued  Aug.  t4, 1891. 

Fll-334 
rAsum^  of  work. 

TT.  8.  Commissioner  of  Fisheries:  [Work  of  the  Grampus.]  Report,  1887  (1891), 
p.  LIV-LV;  1889-91  (1893),  p.  5-6;  1903  (1905),  p.  21-22;  1905  (1907)  p.  37;  1906 
(1908),  p.  20;  1907  (1909),  p.  18;  1909  (1911),  p.  24;  1910  (1911\  p.  »-30;  1911 
(1913),  p.  63;  1912  (1914),  p.  66;  1913  (1914),  p.  30;  1914  (1915),  p.  61-63;  1915 
(1917),  p.  3^-37;  1916  (1917),  p.  40;  1917  (1919),  p.  80, 102. 
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LOOKOUT. 

Blackford,  Suffene  Gilbert:  Report  on  the  oyster  inveetigatioii  in  New  York  with 

the  BteamerXooioti/.  Report,  1886  (1887),  p.  167-163.  F17-143 
Report  of  the  work  in  an  oyster  investigation  with  the  steamer  Lookout. 

BuUetin,  1886  (1885),  vol.  V,  p.  62-57.  F18-378 

T7.  8.  Bureau  of  Fiahezies:  Report  of  the  shad  work  of  the  steamer  Lookout.    Report 

1882  (1884),  p.  36-36;  1884  (1886),  p.  123-127;  1886  (1887),  p.  97-101;  1886  (1889), 

p.  825-827.  F17-123 
Report  of  shad-hatching  operations  by  the  steamer  Lookout  during  the  seasons 

of  1886,  1886,  1887.    BuUetin,  1886  (1885),  vol.  V,  p.  386-394;  1886  (1886),  vol. 

VI,  p.  296-297:  1887  (1887),  vol.  VII,  p.  IIL  tables.  F18-696 
Report  on  the  operations  of  the  steamer  Hakyon  [formerly  the  Looiboii^l  for  the 

year  ending  December  31, 1886.    Report,  1886  (1889),  p.  699-700.  F17-148 

SPEEDWELL. 

Taxmer,  Zera  Luther:  Report  of  operations  of  the  United  States  steamer  Speedwell 
in  1879,  while  in  the  service  of  the  U.  8.  Fish  commission.  Report,  1879  (1882), 
p.  603-614,  ind.  tables.  F17-9 

DREDGING  AND  HYDROGRAPHIC  RECORDS. 

OENEBAL. 

Evermann,  Barton  Warren:  [Hydrography  of  Porto  Rico.1  Bulletin  ,1900  (1902), 
vol.  XX,  pt.  I,  p.  11-15. 

Hoyt,  W.  D.:  physical  conditions  at  Beaufort,  N.  C]  BuUetin,  1917-18,  (1921), 
vol.  XXXVl,  p.  384-390. 

Jacobson^  H.:  Tables  of  temperature  of  air  and  water  at  sundry  stations  of  the  United 
States  Signal  office,  from  March,  1874,  to  February,  1875,  and  from  March,  1876, 
to  February,  1877,  inclusive.    Report,  1875-1876  (1878),  p.  851-861 .  F16-73 

Lindenkobl,  A.:  Notes  oh  the  model  of  the  Gulf  of  Maine  constructed  for  the  U.  S. 
Fish  commission.    Bulletin,  1883  (1883),  vol.  Ill,  p.  449-454.  F12-403 

lCcI>oiiald,  Marshall:  [Fluctuations  of  water  temperature  in  the  Chesapeake  region .] 
Report,  1883  (1885),  p.  1034,  pi. 

Murray,  John:  [Recogmtion  of  marine  deposits.]  Bulletin,  1896  (1897),  vol.  XVI, 
p.  397-403. 

Murray,  John,  and  A.  Benard:  On  the  nomenclature,  origin,  and  distribution  of 
deep-sea  deposits.    Report,  1885  (1887),  p.  759-785.  F17-146 

Patterson,  C.  P.:  Temperatures  in  the  Gulf  of  Mexico.  Report,  1872  and  1873  (1874), 
p.  745-748,  incl.  tables.  F16-67 

Batabun,  Richard:  Ocean  temperatures  of  the  eastern  coast  of  the  United  States, 
with  32  charta  In  The  fishenee  and  fishery  industries  of  the  United  States.  1887 . 
Sec.  Ill,  p.  155-238. 

Smith,  Sanderson,  and  Bichard  Bathbun:  List  of  dredging  stations  of  the  U.  S. 
Fidi  commission,  the  U.  S.  Coast  survey,  and  the  Brituh  steamer  Challenger,  in 
North  American  waters  from  1867-1887,  together  ^ith  those  of  the  principal 
European  government  expeditions  of  the  Auantic  and  Arctic  oceans.  Report, 
1886  (1889),  p.  871-1017.    Doc.  124isimed  Jan.  15, 1889.  Fll-291 

Tanner,  Z.  L.:  {Density  of  sea  water.]    Bulletin,  1896  (1897),  vol.  XVI,  p.  337-343. 

TT.  S.  Bureau  of  Fisheries:  list  of  the  dredging  stations  of  the  United  States  Fish 
Commission  (BarJie,  Bluelight,  Speedwell)  from  1871  to  1879,  inclusive,  with  tem- 
perature and  other  observations.  Arranged  for  publication  by  Sanderson  Smith 
and  Richard  Rathbun.  Report,  1879  (1882),  p.  659-601.  Doe.  41  issued  Apr.  S, 
im.  Fll-215 

U.  S.  lighthouse  Board:  Table  of  temperatures  of  Little  Harbor,  Woods  Hole, 
Mass..  from  January,  1873,  to  December,  1873  (inclusive).  Furnished  by  the 
Lighthouse  board  from  observations  of  Capt.  B.  J.  Edwards.  Report,  1871-72 
(1873),  p.  828-831.  F16-63 

ALBATROSS. 

Drake,  FrankUn  Jeremiah:  Report  upon  the  investigations  of  the  U.  S.  Fish 
commission  steamer  AVbatross  for  the  year  ending  June  30, 1896  (abstract) .  Report, 
1896  (1896),  p.  125-168,  incl.  tables.    Doc.  S32  issued  Jan.  6, 1897.  Fll-196 

Howe,  Freeland:  Report  of  a  dredging  expedition  off  the  southern  coast  of  New 
England,  September,  1899.  Bulletin,  1899  (1900),  vol .  XIX,  p.  237-240.  Doc.  444 
istued  Sept.  12, 1900.  F12-86 
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Mo8er,Je£PenoxiF.:  Report  on  the  Work  of  the8teftmer^{6a<roM  (abstract).  Report, 
1897  (1898),  p.  CXLVTI-OLXXI. 

Bathbun,  Richard:  Summary  of  the  fishery  investigations  conducted  in  the  north 
Pacific  Ocean  and  Bering  Sea  from  July  1,  1888,  to  July  1,  1892,  by  the  U.  S. 
Fish  commission  steamer  Albatrosi.  (List  of  charts  and  other  publications  bear- 
ing upon  the  fishery  investigations  of  the  steams  Albatross,  p.  198-201.)  Bul- 
letin, 1892  (1894),  vol.  XIII,  p.  127-201,  pi.  LI-LV.   Doc.  ttS  issued  Feb.  <J,  1894. 

F12-163 

Schroeder,  Seaton:  Hydrographic  work  of  the  Albatross  in  1884.  Bulletin,  1885 
(1885),  vol.  V,  p.  269-271.  F18-432 

Tanner,  Zera  Luther:  Report  on  the  work  of  the  U.  S.  Fish  commission  steamer 
AUxUross  for  the  year  ending  December  31,  1883.  Report,  1883  (1885),  p.  117- 
236,  III  pi.    Doc.  96  isstied  Aug.  16,  1886.  Fll-303 

Report  on  the  work  of  the  U.  S.  Fish  commission  steamer  AVboOross  for  the 

year  ending  December  31,  1884.  Report,  1884  (1886),  p.  3-116,  incl.  tables,  pi. 
Doc.  110  issued  Dec.  1, 1886.  Fll-294 

-  Report  on  the  work  of  the  U.S.  Fish  commission  steamer  Albatross  for  the  year 


ending  December  31,  1885.    Report,  1885  (1887),  p.  3-91.    Doc.  118  issued  Nov. 

3, 1887.  Fll-299 

—  Record   of  hydrographic  soundings  and  dredging  stations  occupied  by  the 

steamer  Albatross  in  1886.    Bulletin,  1886  (1887),  vol.  VI,  p.  277-285,  incl.  tables. 

F18-592 
Report  on  the  work  of  the  U.  S.  Fish  commission  steamer  Albatross  for  the  yew 


ending  December  31,  1886.    Report,  1886  (1889),  p.  605-692,  X  pi.    Doc.  ISO 
issued  1889.  Fll-257 

—  Report  of  the  movements  and  operations  of  the  Fish  commission  steamer 
Albatross  from  September  15  to  20,  1887.  Bulletin,  1887  (1889),  vol.  VII,  p. 
155-158,  incl.  tables.  F18-664 

■  Report  on  the  work  of  the  U.  S.  Fish  commission  steamer  Albatross  from 


January  1,  1887,  to  June  30,  1888.    Report,  1887  (1891),  p.  371--435,  incl.  tables, 
IV  pi.    Doc.  no  issued  Aug.  24, 1891 .  Fll-327 

—  Report  on  the  investigations  of  the  U.  S.  Fish  commission  steamer  Albatross 
for  the  year  ending  June  30,  1889.  Report,  1888-89  (1892),  p.  395-512,  pi.  L-LII 
(partly  fold.).    Doc,  180  issued  June  25,  1892.  F12-222 

-  Report  upon  the  investigations  of  the  U.  S.  Fish  commission  steamer  Alba- 


tross from  July  1,  1889,  to  June  30,  1891.    Report,  1889-91  (1893),  p.  207-342, 
incl.  tables,  pi.    Doc.  216  issued  Oct  26, 189S.  F14-133 

—  Report  upon  the  investigations  of  the  U.  S.  Fish  commission  steamer  Albatross 
for  the  year  ending  June  30,  1892.  Report,  1892  (1894),  64  p.  incl.  tables,  pi. 
Doc.  284  issued  Dec.  9, 1894.  F14-58 

■  Report  on  the  work  of  the  U.  S.  Fish  commission  steamer  Albatross  for  the 


year  ending  June  30,  1893.    Report,  1893  (1895),  p.  305-341,  pi.    Doc.  310  issued 
Mar.  21, 1896.  F14-133 

—  Report  upon  the  operations  of  the  U.  S.  Fish  commission  steamer  Albatross 
for  the  year  ending  June  30,  1894.  Report,  1894  (1896),  p.  197-278,  incl.  tables. 
Doc,  321  issued  Dec.  2, 1896.  Fll-187 
S.  Bureau  of  Fiflheries:  Records  of  observations  made  on  board  the  United 
States  Fish  commission  steamer  Albatross  during  the  year  ending  June  30,  1896. 
Report,  1896  (1898),  p.  357-386,  incl.  tables.    Doc.  355  issued  Feb.  14, 1898. 

Fll-181 

—  Dredging  and  other  records  of  the  United  States  Fish  commission  steamer 
Albatross,  with  bibliography  relative  to  the  work  of  the  vessel.  Comp.  by  C.  H. 
Townsend.  (Chronological  bibliography  relative  to  work  of  the  Albatross:  p. 
501-662.)  Report,  1900  (1901),  p.  387-562,  incl.  tables,  pi.  I-VII  (part.  fold.). 
Doc.  472  issued  Oct.  24, 1901.  Fll-45 

— Records  of  the  dredging  and  other  collecting  stations  of  the  U.S.  Fish  commis- 
sion steamer  Albatross  in  1901  and  1902.  Report,  1902  (1904),  p.  397-432,  incl. 
tables.    Doc.  541  issued  Sept.  19, 1900.  Fll-6 

—  Records  of  the  dredgings  and  other  collecting  and  hydrographic  stations  of 
the  fisheries  steamer  Albatross  in  1903.  Report,  1903  (1905),  p.  123-138,  incl. 
tables.    Doc.  549  issued  May  17, 1904,  Fll-9 

—  Dredging  and  hydrographic  records  of  the  U.  S.  fisheries  steamer  Albatross 
for  1904  and  1905.  Report  and  special  papers,  1905  (1907),  80  p.  incl.  tables. 
Doc.  604  issued  Dec.  1, 1906.  6-45334 

and  hydrographic  records  of  the  U.  S.  fisheries  steamer  Albatross 


for  1906.    Report  and  special  papers,  1906  (1908),  50  p.  incl.  tables.    Doc.  6tl 
issued  Aug.  27,  1907.  7-85297 
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T7.  8.  Bureau  of  Fisheries:  Dredging  and  hydrographic  records  of  the  U.  S.  fish- 
eries steamer  Albatross  during  the  Pnilippine  expedition,  1907-1910.  Report  and 
special  papers,  1910  (1911),  97  p.  incl.  Ubles.    Doc.  741  issued  Nov.  t9, 1910, 

FlO-4 

DTedpng  and  hydrographic  records  of  the  IJ.  c^.  fisheries  steamer  Albatross, 

1911-190).    Appendix  III,  Report,  1920  (192-),  190 p.    Doc.  897  issued  19S1. 

FISH  HAWK. 

Tannery  Zera  Luther:  Report  on  the  work  of  the  U.  S.  Fish  commission  steamer 
Pish  Hawk  for  the  year  ending  December  31,  18S2.  and  on  the  construction  of 
the  steamer  Albatross.    Report,  1882  (1884),  82  p.,  Ill  pi.  Fll~270 

TJ.  8.  Bureau  of  Fisheries:  Dredging  stations. of  the  U.  S.  Fish  commission  steamer 
Fish  Hawk,  lieut.  Z.  L.  Tanner  commanding,  for  1880,  1881,  and  1882,  with 
temperature  and  other  observations.  Arranged  for  publication  by  Richard 
Rathbun.    Bulletin,  1882  (1883),  vol.  II,  p.  119-131,  incl.  tables.  Fl^285 

LIMNOLOGY. 

Biree,  B.  A.:  Gases  dissolved  in  the  waters  of  Wisconsin  lakes.  (With  discussions 
by  J.  J.  Stranahan  and  Oscar  F.  Nordqyist.)  Bulletin,  1908  (1910),  vol.  XXVIII, 
p.  1273-1294,  diags.     Doc,  718  issued  May  5, 1910.  11-5437 

Birge,  B.  A.,  and  Chancev  Juday:  A  limnological  study  of  the  Finger  Lakes  of 
New  York.  Bulletin,  1912  (1913),  vol.  XXXII,  p.  52^-609,  illus.,  fold.  pi. 
CXI-CXVI.    Doc.  791  i8SuedOct.S7, 1914.  F14-107 

BTexiuaim,  Barton  Warren:  The  investigation  oi  rivers  and  lakes  with  reference 
to  the  fish  environment.  Bulletin,  1893  (1894),  vol.  XIII,  p.  69-73.  Doc.  246 
issued  June  9,  1894.  F12-183 

A  report  upon  salmon  investigations  in  the  headwaters  of  the  Columbia  River, 

in  the  State  of  Idaho,  in  1895;  together  with  notes  upon  the  fishes  observ^ed  in 
that  State  in  1894  and  1896.  Bulletin,  1896  (1897),  vol.  XVI ,  p.  149-202,  pi.  67-72 
(partly  fold.).    Doc.  S18  issued  Not).  17, 1896.  Fll-343 

Evennann,  Barton  Warren^  and  Seth  Bugene  Meek:  A  report  upon  salmon 
investigations  in  the  Columbia  River  basin  and  elsewhere  on  the  Pacific  coast 
in  1896.  Bulletin,  1897  (1898),  vol.  XVII,  p.  15-84,  illus,  2  pi.  Doc.  S52  issued 
Jan.  6,  1898.  F12-241 

[Description  of  Lake  Chautauqua.]    Report,  1901  (1902),  p.  169-175. 

Juday,  Ghaucey:  Notes  on  Lake  Tahoe,  its  trout  and  trout-fishing.  (Literature 
ated:  p.  146.)  Bulletin,  1906  (1907),  vol.  XXVI,  p.  133-146.  Doc.  615  issued 
Mau  11,  1907.  Fll-63 

A  study  of  Twin  Lakes,  Colorado,  with  special  consideration  of  the  food  of  the 

trouts.  (Bibliography:  p.  175-178.)  Bulletin,  1906  (1907),  vol.  XXVI,  p,  147- 
178,  pi.  III.    Doc.  616  tssued  May  U,  1907.  Fll-64 

KendaU,  William  Converse,  and  B.  L.  Ooldsborough:  Fishes  of  the  Connecticut 
Lakes  and  neighboring  waters,  with  notes  on  the  plankton  environment.  (Physi- 
cal features  of  the  lakes;  p.  4-15.)  Report  and  special  papers,  1907  (1909),  77  p.. 
12  pis.,  fold.  diaCT.    Doc.  633  issued  July  6, 1908.  &-35558 

-  Fishes  and  fioaing  in  Sunapee  Lake.    Report  aad  special  papers,  1912  (1914), 


96  p.,  illus.,  IX  pi.  (part.  col).    Doc.  783  issued  Jan.  28,  1914.  F14-1 

-The  Rangeley  Lakes,  Maine;  with  special  references  to  the  habits  of  the 


fishes,  fish  culture  and  angling.    Bulletin,  1915-16  (1918),  vol.  XXXV,  p.  487-594. 

illus.,  pi.  XL-XLVI  (part  col.).    Doc.  861  issued  May  25, 1918.  F18-682 

Hoore,  Henry  Frank:  An  inquiry  into  the  feasibility  of  introducing  useful  marine 

animals  into  the  waters  of  Great  Salt  Lake.    Report.,  1899  (1900),  p.  229-250, 

pi.  7.    Doc.  4tt  issued  Oct.  7, 1899.  Fll-107 

Popsj  Thomas  B.  B.:  Devil's  Lake,  North  Dakota.    A  study  of  physical  and 

biological  conditions,  with  a  view  to  the  acclimatization  of  fish.    Report  and 

special  papers,  1907  (1909),  22  p.,  3  pi.,  fold.  map.    Doc.  634  issued  July  16, 1908. 
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GENERAL  WORK  OF  BUREAU. 

Eremuuin.  Baxton  Waxren:  Report  on  the  establiahment  of  fish-cultural  stations 
in  the  Kockv  Mountain  region  and  Gulf  States.  (1.  A  reconnaissance  of  the 
streams  and  lakes  of  western  Montana  and  northwestern  Wyoming.  2.  A  report 
upon  investigations  made  in  Texas  in  189L)  Bulletin,  1891  (1893),  vol.  XI,  90p., 
XXXVI  pi.  (part,  foldj.    Doc,  t05  isnud  May  U,  189t.  Fll-345 

Gk>ode9  Qeorge  Brown:  llie  status  of  the  United  States  Fish  commission  in  1884. 
A  review  of  what  has  been  accomplished  in  fish-culture,  and  the  investigation 
of  the  American  fisheries.  Report,  1884  (1886),  p.  1139-1180.  Doc.  75  issued 
Aug.  9,  1884.  Fll-272 

McDozialdy  MaTuhall:  Memorandum  of  some  results  of  fish-culture  already  at- 
tained.    Bulletin,  1884  (1884),  vol.  IV,  p.  261-262.  F18-306 

Report  of  the  division  of  distribution  of  the  United  States  Fish  commission 

for  the  year  1883.     Report,  1883  (1885),  p.  1051-1087,  tables.  F17-38 

-  Report  on  the  distnbution  of  fish  and  ^ggs  by  the  U.  S.  Fish  commission  for 


the  season  of  1885-«6.    Bulletin,  1886  (1887),  vol.  VI,  p.  385-894.  F18-«17 

—  Report  of  the  distribution  of  fish  and  eggs  by  the  United  States  Fish  com- 
mission from  January  1,  1886,  to  June  30, 1887.     Report,  1886  (1889),  p.  833-842. 

—  Address  of  the  chairman  of  the  general  committee  of  the  World's  Fisheries 


Congress.    Bulletin,  1893  (1894),  vol.  XIII,  p.  15-16.  F12-183 

Pac^e,  WilUam  F.:  The  most  recent  methods  of  hatching  fish  eggs.    Bulletin,  1888 

(1890),  vol.  VIII,  p.  207-218.  Fll-321 

Smiley,  Charles  Wealey:  [Tables  of  distribution  of  fish  and  fish-eggs.    Nos.  I-X.l 

Report,  1881  (1884),  p.  LXIII-LXVI. 
A  statistical  review  of  the  production  and  distribution  to  public  waters  of 

young  fish,  by  the  U.  S.  Fish  commission,  from  its  organization  in  1871  to  the 

close  of  1880.     Report,  1881  (1884),  p.  825-915  incl.  tables.  F16-345 

Index  to  the  distribution,  made  under  the  auspices  of  the  United  States 


Fish  commission,  of  fi^  in  public  waters  of  the  United  States,  during  the  decade 
ending  1880.     Report,  1881  (1884),  p.  917-1035.  F16-344 

Titcomb,  John  W.:  Fish-cultural  nractices  in  the  United  States  Bureau  of  Fisheries. 
Bulletih,  1908  (1910),  vol.  XXA'III,  p.  697-757,  pi.  LXXVII-LXXXIX,  diagrs. 
Doc.  €75  issued  Apr.  t5,  1910.  10-35554 

U.  S.  Bureau  of  Fisheries:  Directions  for  using  blanks  for  recording  the  propagation 
and  distribution  of  fish.     Report,  1873-74  and  1874-75  (1876),  p.  563-568. 

F16-30 

Memorandum  of  some  results  of  the  artificial  propagation  and  planting  of  fish 

(German  whitefish,  Maine  salmon,  rainbow  trout,  shad,  carp,  catfish)  due  mainly 
to  the  efforts  of  the  U.  S.  Fish  commission.  Bulletin,  1881  (1882),  vol.  I,  p.  208- 
215,  pi.  XVII.  F18^1 

-  Report  of  the  distribution  of  fish  and  eggs  by  the  U.  S.  Fish  commission  from 


Julv  1, 1887,  to  June  30, 1888.     Report,  1887  (1891),  p.  363-370.  F16-85 

—  Observations  upon  fishes  and  fish-culture.    Bulletin,  1890  (1892),  vol.  X, 
p.  49-61.    Doc.  188  ismed  June  to,  1892.  F12-135 

Report  of  distribution  of  fish  and  ^gs  from  July  1,  1888,  to  Jtme  30,  1889. 


ReTOrt,  1888-89  (1892),  p.  379-394.    Doc.  179  issued  Dec.  5, 189t.  F12-221 

—  Report  on  the  propagation  and  distribution  of  food-fishes.  Report,  1893  (1895), 
p.  78-138;  1895  (1896),  p.  6-72;  1896  (1898),  p.  11-92;  1897  (1898),  p.  XVIII-XC; 
1898  (1899),  p.  XXXI-CXXII;  1899  (1900),  p.  XXXV-€XVIII,  pi.  VIII-XXIX; 
1900  (1901),  p.  25-118;  1901  (1902),  p.  21-110,  illus.,  pi.  4-5;  1902  (1904),  p.  22-110; 
1903(1906), p.29-74;1904(1905),p.25-80;1905(1907),64p., Doc.  602  issuedOct.  U 
1906;  1906  (1908),  78  p..  Doc,  613  issued  Mar.  It,  1907;  1907  (1909),  78  p..  Doc.  6S0 
issued  Feb.  4,  1908;  1908  (1910),  93  p..  Doc.  644  issued  Mar.  6,  1909;  1909  (1911), 
103  p.,  Doe,  7t8  issued  Feb.  It,  1910;  1910  (1911),  112  p.,  Doc.  740  issued  June  1, 
1911;  1912  (1914),  108  p..  Doc.  770  issued  Mar.  SI,  191S;  1913  (1914),  122  p., 
Doc.  794  issued  June  IS,  1914;  1914  (1915),  114  p..  Doc.  808  issued  Feb.  tS,  1915; 
1915  (1917),  138  p..  Doc.  8t8  issued  Mar.  4,  1916;  1916  (1917),  111  p..  Doc.  837 
issued  Feb.  t6, 1917;  1917  (1919),  99  p..  Doc.  846  issued  Feb.  /,  1918;  1918  (1920), 
S2p.,Doc.863issuedOct.llfl919;  1919  (1921),  76  p..  Doc.  878  issued  Sept.  9, 
1920. 
-A  manual  of  fish- culture,  based  on  the  methods  of  the  United  Stafes  Commission 


of  fish  and  fisheries.  (C'on^ente.— Introduction,  by  J.  J.  Brice.  The  salmons  of 
the  Pacific  coast^  by  L.  Stone.  The  Atlantic  and  landlocked  salmons,  by  C.  G. 
Atkins.  The  rambow  trout,  by  G.  A.  Seagle.  The  brook  trout  by  F.  N.  Clark. 
The  lake  trout,  by  F.  N.  Clark.  The  whitefish,  by  J.  J.  Stranahan.  The  shad, 
by  S.  G.  Worth.    The  black  basses,  crappies,  and  rock  bass,  by  W,  F.  Page. 
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The  miBcellaneous  fresh-water  fishes.  The  cod.  The  common  mackerel.  The 
flatfish  or  winter  flounder.  Miscellaneous  salt-water  fishes.  The  American  lob- 
ster,  b^  H.  M.  Smith.  The  transportation  of  fish  and  fish  eggs,  by  J.  F.  Elhs. 
Spawning  seasons  of  fishes  propacated,  character  of  fish  egg^j  period  of  incuba- 
tion, etc.  Notes  on  the  eaible  nogs  of  the  United  States  and  their  artificial 
Sropagation,  by  F.  M.  Chamberlain.  Oysters  and  methods  of  oyster-culture,  bj 
[.  F.  Moore.  Notes  on  clam-culture.)  Report,  1897  (1898),  340  p.,  illus.,  pi. 
1-62,I-XVIII.    Doe.S4Si9sued Nov.  1,1897.  Fll-119 

XT.  8.  Bureau  of  Fiaheriea:  A  manual  of  fish-culture,  based  on  the  methods  of  the 
U.  S.  Commission  of  fish  and  fisheries,  with  chapters  on  the  cultivation  of 
ovsters  and  frogs.  Revised  edition,  340  p!,  illus.,  pi.  1-04,  I-XVIII.  fAddi- 
tions— The  graylinn,  by  J.  A.  Henshall.  The  pike  perch  or  wall-eyed  race,  by 
J.  J.  Stranahan.]    Doc.  S46  issued  Oct.  17,  1900.  Fil-119 

XT.  8.  Ckmunlfloioner  of  FiiAieTiea:  (Propagation  and  distribution  of  food  fishes.) 
Report,  1872  and  1873  (1874),  p.  XVI-XXXI;  1873-1875  (1876),  p.  XV-XLVI: 
1876-76  (1878),  p.  8-50;  1877  (1879),  p.  18-48:  1878  (1880),  p.  XXV-XLV;  1879 
(1882),  p.  XXVII-LI;  1880(1883),  p.  XXVII-XXXVI;  1881  (1884).  p.  XLII-LVI; 
1882(1884),  p.  LV-LXXXIV;  1883(1885),p.  LXXI-XCI;  1884  (1886).  p.  XL VI- 
LXVI;  1885  (1887),  p.  LXXII-CIV;  1886  (1889),  p.  XXVII-XLIV;  1887  (1891., 
p.  XIII-LII;  1888-89  (1892).  p.  XVIII-XXXVU;  1889-1891  (1893),  p.  10-60; 
1892  (1894),  p.  XIV-LXVIII;  1893  (1895),  p.  14-16;  1894  (1896),  p.  20-80. 

WORK  OF  BUREAU'S  STATIONS. 

GENERAL. 

XT.  8.  OommiMioner  of  FiaherieB:  [Fish-cultural  stations  operated,  1913-1919] 
Report,  1913  (1914),  p.  7-10;  1914  (1915),  p.  39-42;  1915  (1917),  p.  7-10:  1916 
(1917),  p.  8-11;  1917  (1919),  p.  53-55;  1918  (1920),  p.  10-11;  1919  (1921),  p.  31-33. 

ALASKA. 

AFOONAK.  • 

XT.  8.  Commiflsioner  of  Fiaheriea:  [Afognak  Bay,  River,  and  Lake,  set  aside  by 
proclamation  of  December,  1892,  for  use  of  the  U.  S.  Commission  of  fish  and  fisbe^ 
les.l    Report,  1893  (1895),  p.  8. 

[Completion  of  station.]    Report,  1908  (1910),  p.  16. 


UTUIK  LA.KB. 

XT.  8.  Commissioner  of  Fisheries :  [Site  selected ,  materials  and  supplies  purchased .] 
Report,  1907  (1909),  p.  9. 

QUADRA  BAY. 

V,  8.  Commissioner  of  Fisheries:  [Establishment  of  field  station  at  Quadra  Bay] 
Report,  1915  (1917),  p.  14. 

YES  BAY. 

XT.    8.    Commissioner    of   Fisheries:  [Recommendation  for  site.]    Report,  1905 
(1907),  p.  18-19. 

[Establishment  of  hatchery  on  Lake  McDonald.]  ^  Report,  1906  (1908),  p.  11. 


[Completion  of  station.]    Report,  1907  (1909),  p.  9. 

ARKANSAS:  MAMMOTH   SPBINOS. 

XT.  8.  Commissioner  of  Fisheries:  [Selection  of  site.]    Report,  1903  (1905),  p.  1^ 
[Purchase  of  site.]    Report,  1904  (1905),  p.  14. 

CALIFORNIA. 
BAI&D. 

8tone,  Livingston:  Account  of  operations  at  the  McCloud  River  fi8h-breediD£ 
stations  of  the  U.  S.  Fish  commission,  from  1872-1882,  inclusive.  Bulletin,  18S2 
(1883),  vol.  II,  p.  217-236.  F12-369 

History  of  operations  at  the  fish-hatching  stations  on  the  McCloud  River,  Call- 

fomia,  from  the  beginning,  August,  1872,  to  October,  1884.  Bulletin,  1885  ( 18851 
vol.  V,  p.  28-31.  F18-367 


—  Report  of  operations  at  the  United  States  salmon-hatching  eetabliahment  on 
the  McCloud  River,  California.    Report,  1872  and  1873  (1874),  p.  168-215;  1873-74 
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and  1874-75  (1876),  p.  437-478;  1876-76  (1878),  p.  921-958,  Ulus.;  1877  (1879), 
p.  797-810;  1878  (18W),  p.  741-770;  1879  (1882),  p.  695-708,  715-720:  1880  (1883), 
p.  597-613,  615-621;  1881  (1884),  p.  1063-1078,  107^1083;  1882(1884),  p.839-«50, 
851-856;  1883  (1885),  p.  98»-10(fe;  1884  (1886),  p.  169,  171-176;  1885  (1887),  p. 
131-140;  1886  (1889),  p.  737-745. 

Stone,  LivinffBton:  Report  of  operationfl  in  Caliionua  in  1873:  Report,  1873-74  and 
1874-75  (1876),  p.  377-429.  F16-21 

TT.  8.  OonixniBsioiier  of  FiBheries:  [OperationB  at  McCloud  River.]  Report,  1873-74 
ud  1874-75  (1876),  p.  XXII-XXX;  1875-76  (1878),  p.  24:  1877  (1879),  p.  33-34; 
1880  (1883),  p.  XXfX-XXX;  1882  (1884),  p.  XXV,  I^X-LXXI;  1883  (1885), 
p.  XXIII,  LXXXI-LXXXIII;  1884  (1886),  p.  XVI;  1885  (1887},  p.  XXIII; 
1886  (1889),  p.  XLI;  1887  (1891),  p.  XIX;  1888-89  (1892),  p.  XXXV;  188^1891 
(1893),  p.  49-50;  1892  (1894),  p.  LVIl-LVIIIj  1893  (1895),  p.  117-118*  1894 
(1896),  p.  49;  1895  (1896),  p.  44-45;  1896  (1898).  66-67 :  1897  (1898),  p.  LXVI- 
LXVII;  1898  (1899),  p.  XClII;  1899  (1900),  p.  XCVI-XCVIII,  pi.  XXII;  1900 
(1901),  p.  85-90;  1901  (1902),  p.  74-77. 

jr.\ct  of  March  2,  1889,  appropriates  funds  for  quarters.]    Report,  1889-1891 


(1893),  p.  49. 

BATTLE  CRBBK. 


17.  8.  ComndBBioner  of  FiBheries:  [Establishment  of  station.]    Report,  1897  (1898), 
p.  LXVII-LXIX. 

[Act,  1898,  authorizing  permanent  station.]    Report,  1899  (1900),  p.  XXIX. 
[Operations  at  Battle  Creek.]    Report,  1898  (1899),  p.  XCX-XCVII;  1899 
,  p.  XCVIII-C;  1900  (1901),  p.  90-91;  1902  (1904),  p.  77-78. 


p.  rijwvi 

[Act, 

—  [Open 

(1900),  p 


CROOKS  CBBEK. 


8.  OommiBBioner  of  FiBheries:   [Establishment  of  Crooks  Creek  station.]    Re- 
port, 1879  (1882),  p.  XXX-XXXI. 
[Operations  at  Crooks  Creek  station.]    Report,  1880  (1883),  p.  XXX. 


FOBT  O ASTON. 


8.  CommiBBioner  of  FishexieB:  [Operations  at  Fort  Gaston  station.]  Report, 
1889-91  (1893),  p.  51-62;  1892  (1894),  p.  LVIII-LIX;  1893  (1895),  p.  119-120; 
1894  (1896),  p.  49-50;  1895  (1896),  p.  4&-47;  1896  (1898),  p.  67-^;  1897  (1898), 
p.  L3XIII;  1898  (1899),  p.  XCVII-XCVIII. 


KORBEL. 

TT.  8.  CommiBBioner  of  FiBheries:   [Operations  at  Korbel.]    Report,  1894  (1896), 
p.  50;  1895  (1896),  p.  47-48. 

MILL  CBBEK. 

XT.  8.  CommiBBioner  of  FisherieB:  [Operations  of  station.]    Report,  1902  (1904),  p. 
74-75. 

COLORADO:   LEADVILLE. 


8.  CommiBBioner  of  FiBheries:  [Operations  at  Leadville.]  Report,  1888-^9 
(1892),  p.  XXXV;  1889-1891  (1893),  p.  47-49;  1892  (1894),  p.  LV-LVII;  1893 
(1895),  p.  114-117;  1894  (1896),  p.  47-48;  1895  (1896),  p.  42-44;  1896  (1898),  p. 
62-65;  1897  (1898),  p.  LXIII-LXV;  1898  (1899),  p.  LXXXVIII-XC;  1899  (1900), 
p.  LXXXIX-XCI;  1900  (1901),  p.  7^-81;  1901  (1902),  p.  69-71;  1902  (1904),  p. 


DISTRICT   or   COLUMBIA. 
ARSENAL. 

XT.  8.  CommiBBioner  of  FiBheries:  [Use  of  ice  pond  for  cup.]  Report,  1878  (1880), 
p.  XLII;  1879  (1882),  p.  XXXVII;  1880  (1&3),  p.  XIX;  1881  [1884),  p.  XVII; 
1882  (1884),  p.  XXV;  1883  (1885),  p.  XXVI;  1884  (1886),  p.  XVII;  1885  (1887), 
p.  XXV;  1886  (1889),  p.  XLIII. 

CENTBAL  STATION. 

Brown,  J.  B.:  [Carp,  goldfish,  ides,  and  catfish  handled  at  Central  station.]  Bulle- 
tin, 1884  (1884),  vol.  IV,  p.  309. 
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McDonald,  MaxshaU:  Report  of  operationfl  at  Central  station,  United  States  Fiafa 
commiflsion.  Report,  1882  (1884),  p.  879>^90,  illua.,  pis.;  1883  (1886),  p.  1017- 
1034,  incl.  tables,  diagr.  F16-315 

U.  S.  OornxniBsioner  of  Fiahexiea:  [Brief  mention.]  Report,  1881  (1884),  X\*I- 
XVII;  1882  (1884),  p.  XXV;  1883  (1886),  p.  XXVI;  1884  (1886),  p.  XVII;  1885 
(1887),  p.  XXIV;  1887  (1891),  p.  XXVII-XXVIII;  1888-89  (1892),  p.  XX\^I- 
XXVIII;  1889-1891  (1893),  p.  33-35;  1892  (1894),  p.  XXXV-XXXVII;  ISaS 
(1895),  p.  93-96;  1894  (1896),  p.  31-33;  1895  (1896),  p.  26-27;  1896  (1898),  p.  39- 
40;  1897  (1898),  p.  XLVII-XLVIII;  1898  (1899),  p.  LXII-LXIII;  1899  (1900), 
p.  LXII;  1900  (1901),  p.  53;  1901  (1902),  p.  46-47;  1902  (1904),  p.  44-45. 

FISH  PONDS. 

U.  S.  Ooznmiaaioner  of  FiahexieB:  [Use  of  Monument  lot  authorized  by  Congreas.] 
Report,  1876-77  (1879),  p.  43. 

[Operations  at  Fish  PondsJ    Report,  1878  (1880),  p.  XL-XLI;  1879  (1882),  p. 

XXXVI;  1880  (1883),  p.  XIX;  1881  (1884),  p,  L-LII;  1882  (1884),  p.  XXV;  1883 
(1885),  p.  XXVI;  1884  (1886),  p.  LXII-LXIV;  1885  (1887),  p.  XXIV-XXV;  1886 
(1889),  p.  XXXVIII;  1887  (1891),  p.  XXVII:  1888^9  (1892),  p.  XXVIII;  1889- 
1891  (1893),  p.  35;  1892 (1894).  p.  XXXVII-XXXIX;  1893  (1895),  p.  96-97 ;  1894 
(1896),  p.  35-36;  1895  (1896),  p.  24-25;  1896  (1898),  p.  42-44;  1897  (1898).  p. 
XLIX-Ll;  1898  (1899),  p.  LXIV-LXXII;  1899  (1900),  p.  LXIII-l2SV;  1900 
(1901),  p.  52-53;  1901  (1902),  p.  45;  1902  (1904),  p.  43. 

NAVY  YARD. 

U.  8.  Bureau  of  Fiahexiea:  [Propagation  and  distribution  of  shad  {Alcsa  sapidiM' 
sima)  in  the  spring  of  1880.  J    Report,  1880  (1883),  p.  655-657. 

Wood,  William  Maxwell:  Report  ot  the  operations  of  the  Navy  Yard  shad-hatching 
station  in  Washington,  D.  C.,  during  the  season  of  1882.  Report,  1882  (1884),  p. 
891-897,  pis.  F16-321 

GEORGIA:   GOLD   SPRING. 

U.  8.  Bureau  of  Fiahex^lea:  [Site  donated.]  Report,  1899  (1900),  p.  XXVIII- 
XXIX. 

ILLINOIS:   QUINCY. 

U.  8.  Bureau  of  Fiaherlea:  [Operations  at  Quincy.]  Report,  1888-89  (1892),  p. 
XXX-XXXI;  188^1891  (1893),  p.  44;  1892  (1894),  p.  XXIX-L;  1893  (1895),  p. 
108-110;  1894  (1896),  p.  45;  1895  (1896),  p.  37-38;  1896  (1898),  p.  57-59;  1897 
(1898),  p.  LVII;  1898  (1899),  p.  LXXXV;  1899  (1900),  p.  LXXXII-LXXXIII; 
1900  (IWl),  p.  71;  1901  (1902),  p.  62;  1902  (1904),  p.  59. 

IOWA. 

MANCHESrrER. 

IT.  8.  Bureau  of  Fiaheriea:  [Operations  at  Manchester.]  Report,  1897  (1898),  p 
LVII-LVIII;  1898  (1899).  p.  LXXXII-LXXXV;  1899  (1900),  p.  LXXXIIl- 
LXXXV;  1900  (1901),  p.  72-75;  1901  (1902),  p.  62-64;  1902  (1904),  p.  60-62. 

NORTH   M'OREOOR. 

TJ.  8.  Bureau  of  Fiahexiea:  [Establishment  of  rescue  station  at  North  McGregor.] 
Report,  1904  (1905),  p.  39. 

KENTUCKY:   LOUISVILLE. 

IT.  8.  Commiasioner  of  Fiaheriea:  [Selection  of  site.]    Report,  1912  (1914),  p.  64. 
[Donation  of  site  by  State.]    Report,  1913  (1914),  p.  69. 

LOUISIANA:   ATCHAPALAYA. 

TJ,  8.  Commiasioner  of  Fiaheriea:  [Brief  mention.]    Report,  1918  (1920),  p.  10. 

MAINE. 

Atkina,  Charlea  O. :  Memoranda  relative  to  inclosures  for  the  confinement  of  salmon, 
drawn  from  experience  at  Bucksport,  Penobscot  River,  Maine.  Bulletin.  1884 
(1884),  vol.  IV,  p.  170-174.  F13-92 
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BOOTHBAY  HARBOR. 

XT.  8.  Oominiiwrioner  of  Fiahexies:  [Selection  of  site.]    Report,  1902  (1904),  p.  16. 

Work  of  the  Bureau  of  fisheries  and  its  fish-cultiural  station  at  Boothbay  Harbor, 

Me.     1917.    [Occasioaal  papers.]  F17-186 

BUCK8PORT. 

TJ.  8.  OommiflBioner  of  Fisheries:  [Operations  at  Bucksport.]  Report,  1872-73 
(1874),  p.  XVIII-XIX;  1873-1875  (1876),  p.  XXX;  1875-76  (1878),  p.  25; 
1877  (1879),  p.  36;  1878  (1880),  p.  XXIX;  1879  (1882),  p.  XXXI;  1880  (1883), 
p.  XXXI;  ifel  (1884),  p.  XLVII;  1882  (1884),  p.  XXIV;  1883  (1885).  p.  LXXX; 
1884  (1884),  p.  XVI;  1885  (1887),  p.  XXIII;  1886  (1889),  p.  XL;  1887  (1891), 
p.  XVIIl. 

CRAIQ   BROOK. 

AtkinB,   Charles  Q.:  Sketch  of  the  Penobscot  salmon-breeding  establishment. 

Bulletin,  1884  (1883),  vol.  II,  p.  373-378.  F12-374 
Report  on  the  propagation  of  Penobscot  salmon  in  1886-87.    Report,  1888-89 

(1892),  p.  747-749.  F20-161 

TJ.  8.  Cozniniasioner  of  Fisheries:  [Operations  at  Craig  Brook.]    Report,  1883 

(1885),  p.  79-82;  1889-1891  (1893),  p.  13-19;  1892  (1894),  p.  XVIII-XXI;  1893 


(1895),  p.  79-82;  1894  (1896),  p.  21-23;  1895  (1896),  p.  12-15;  1896  (1898),  p. 
17-21;  1897  (1898),  p.  XXI-XXV;  1898  (1899),  p.  XLII-XLIV;  1899  (1900] 
XLV-LI;  1900  (1901),  p.  36-38;  1901  (1902),  p.  29-31;  1902  (1904),  p.  29-31. 


[Establishment  of  Permanent  station  at  Craig  Brook.]    Report,   1888-1889 


(1892),  p.  xxii-xxin 


GRAND  LAKE   STREAM. 


Atkins,  Charles  O.:  Report  on  the  collection  and  distribution  of  schoodic  salmon 

eggs.     Report,  1877  (1879),  p.  817-846,  pi.;  1880  (1883),  p.  633-665,  incl.  tables; 

1882  (1884),  p.  863-871;  1884  (1886),  p.  181-187;  1885  (1887),  p.  145-156;  1886 

(1889),  p.  751-759. 
Sketch  of  the  schoodic  salmon-breeding  establishment.    Bulletin,  1882  (1883), 

vol.  II,  p.  379-382.  F12-375 
Report  on  the  schoodic  salmon  work  of  1884-1885.    Bulletin,  1885  (1885),  vol. 

V,  p.  323-324. 
TJ.  8.  Coxnxnissioner  of  Fisheries:  [Operations  at  Grand  Lakes  Stream/I    Report, 

1875-76  (1878),  p.  25-26;  187&-77  (1879),  p.  37-38;  1878  (1880),  p.  XXXII-XXXV; 

1879  (1882),  p.  XXXII-XXXIII;  1880  (1883),  p.  XXXI;  1881  (1884)  p.  XLVII- 

XLVIII;  1882  (1884),  p.  LXIX;  1883  (1885),  p.  LXXXI;  1884  (1886),  p.  LVI; 

1885  (1887),  p.  LXXXVI-LXXXVII;  1886  (1889),  p.  XXXV;  1887  (1891),  p. 

XVII-XVnn  1888-89  (1892),  p.  XXI-XXII;  1889-1891  (1893),  p.  14^15;  1892 

(1894),  p.  XVII;  1893  (1895),  p.  79. 

GREEN   LAKE. 

Atkins,  Charles  Q.:  Report  on  the  propagation  of  Penobscot  salmon  in  1879-80. 

Report,  1879  (1882),  p.  721-731,  incl.  tables. 
Sketch   of  the  Penobscot  salmon-breeding  establishment.    Bulletin,    1882 

(1883),  vol.  II,  p.  37^378.  F12-374 
Report  on  the  propagation  of  Penobscot  salmon  in  1884-85.    Report,  1884 

(1886),  p.  177-179,  tables. 
XT.  8.  Conixnissioner  of  Fisheries:  [Operations  at  Green  Lake.]    Report,  1889-1891 

(1893),  p.  20-22;  1892  (1894),  p.  XXI-XXII;  1893  (1895),  p.  82-86;  1894  (1896), 

p.  24-26;  1895  (1896),  p.  9-12;  1896  (1898),  p.  14-16;  1897  (1898),  p.  XIX-XX; 

1898  (1899),  p.  XL-Xtll;  1899  (1900),  p.  XLIII-XLV;  1900  (1901)  p.  3^35; 

1901  (1902),  p.  28-29;  1902  (1904),  p.  26-29. 
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MARYLAND. 

BBTAN8  POINT. 

XT.  8.  Commissioxier  of  Fisheries:  [Selection  of  site.]    Report,  1892  (1894),  p. 

XXXI-XXXV. 
[Operations  at  Bryana  Point.]    Report,  1893  (1895),  p.  92-93;  1894  (1896), 

p.  30-31;  1895  (1896),  p.  28-29;  1897  (1898),  p.  XLIV-XLV;  1898  (1899),  p.  LXI 

LXII;  1899  (1900),  p.  LXII-LXIII;  1900  (1901),  p.  51;  1901  (1902),  p.  44;  1902 

(1904),  p.  41-42. 

DBUm  HILL  PABK. 

V.  8.  CommlMdonor  of  Fiahexies:  [Use  of  Druid  HUl  Park.]    Report,  1877  (1879 ., 
p.  42-43;  1878  (1880)  p.  XL;  1879  (1882),  p.  XXXVII;  1880  (1883),  p.  XIX. 

FORT  WASHINGTON. 

Baboock,  William  C:  Report  of  shad  operations  conducted  at  Fort  Washington,  Md. 
Report,  1883  (1885),  p.  1035-1042  incl.  tables;  1884  (1886),  p.  189-197  incl.  tables,  pi. 

Fll-35 
McDonald,  MarshnJl:  Report  of  shad  propagation  on  the  Potomac  River  during 

the  season  of  1886.    Report,  1886  (1889),  p.  815^817. 
IT.  8.  Commissioner  of  Fisheries:  [Operations  at  Fort  Washington.]    Report,  1883 
(1885),  p.  XXVI;  1884  (1886),  p.  LVIII-LIX;  1885  (1887),  p.  LXXXIX;  1886 
(1889),  p.  XXXVI;  1887  (1891),  p.  XXV;  1888-89  (1892),  p.  XXVI;  1889-1891 
(1893),  p.  32-33. 

HAVRE  DE  GRACE. 

Clark,  Frank  Nelson:  Notes  on  experiments  in  penning  shad  and  taking  eggs  at 

Battery  station,  Havre  de  Grace,  Md.,  in  1883.    Report,  1883  (1885),  p.  1045-1050. 

F17-37 
Qrabill,  L.  B.:  Report  of  operations  at  the  shad-hatching  station  on  Battery  Island, 

near  Havre  de  (jrace,  Md.,  during  the  season  of  1884.    Report,  1884  (1886),  p. 

807-814  incl.  tables.  .  F17-36 

Hamlen,  William:  Report  of  operations  at  the  Battery  Island  station,  Havre  de 

Grace,  Md.,  during  the  season  of  1884.    Report,  1884  (1886),  p.  199-208  ind. 

tables. 
Low,  W.  F.:  Report  of  operations  at  the  Havre  de  Grace,  Md.,  shad-hatching 

station  during  the  season  of  1883.    Report,  1883  (1885),  p.  1043-1044  incl.  tables. 
Bavenel,  WiUiam  de  Chastigxiier:  [Table  of  temperatures  and  densities  at  St. 

Jerome  Station,  Havre  de  Grace,  Md.,  for  the  vear  1886.]    Report,  1886  (1889), 

p.  768-777. 
Taylor,  Fred  W.:  Analysis  of  artesian-well  water  from  the  shad-hatchinff  station 

at  Ha\Te  de  Grace,  Md.    Bulletin,  1883  (1883),  vol.  Ill,  p.  348.  F18-145. 

XT.  S.  Commissioner  of  Fisheries:  [Operationsat  Battery  Island.]    Report,  1878 

(1880),  p.  XXXVI;  1879  (1882),  p.  XXXV;  1880  (1883),  p.  XXXII-XXXIIl; 

1881  (1884),  p.  L;  1882  (1884),  p.  LXXIV-LXXVII;  1883  (1885),  p.  LXXXIV- 

LXXXV;1884(1886),p.  LVIII-LIX;  1885  (1887),  p.  XCI;  1886(1889),  p.  LXII; 

1887  (1891),  p.  XXV-XXVI;  1888-89  (1892),  p.  XXV-XXVI;  1889-1891  (1893), 

p.  30-31;  1892  (1894),  p.  XXIX-XXX;  1893  (1895),  p.  91;  1894  (1896),  p.  29-30; 

1895  (1896),  p.  22-24;  1896  (1898),  p.  37-39:  1897  (1898),  p.  XLll-XLlY]  1898 

(1899),  p.  LIX-LXI;  1899  (1900),  p.  LX-LXII;  1900  (1901),  p.  49-51;  1901  (1902), 

p.  43;  1902  (1904)  p.  40-41. 
Report  of  shad-natching  operations  at  Battery  station,  Havre  de  Grace,  Md., 

season  of  1885  and  1887.    Bulletin,  1885  (1885),  vol.  V,  p.  401-410;  1886  (1886\ 

vol.  VI,  p.  361-368;  1887  (1887),  vol.  VII,  p.  95-100  incl.  tables,  F18-613 
[Closure  of  fish  hatchery  at  Havre  de  Grace,  Md.]    Report,  1917  (1919),  p.  76-78. 


NORTH   EAST  RIVER. 

XT.  8.  Commissioner  of  Fisheries:  [Operations.]    Report,  1881  (1884),  p.  L;  1882 
(1884),  p.  LXXVI. 

MASSACHUSETTS. 

BERKSHIRE. 

XT.  S.  Commissioner  of  Fisheries:  [Donation  to  U.  S.  Bureau  of  fisheries  of  trout- 
hatching  plant  by  Mrs.  Mary  A.  Scully.]    Report,  1917  (1919),  p.  55. 
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OIiOUCKSTSR. 

B.  Commissioner  of  Fisheries:  [Operations  at  Gloucester.]  Report,  1878 
(1880),  p.  XLII-XLIV;  1879  (1882),  p.  XXXVII-XXVIII;  1887  (1891),  p.  XV- 
XVI- 1888-^  (1892),  p.  XXIII-XXIV;  188^1891  (1893),  p.  22-24;  1892  (1894), 
p.  XXII;  1893  (1895),  p.  86-87;  1894  (1896),  p.  26-27;  1895  (1896),  p.  17-18;  1896 
(1898),  p.  24-26;  1897  (1898).  p.  XXX-XXXVIII;  1898  (1899),  p.  Lr-LII;  1899 
(1900),  D.  LXXX-LV;  1900  (1901),  p.  45-47;  1901  (1902),  p.  35-36;  1902  (1904), 
p.  37-38. 

WOODS  HOLE. 

8.  Commissioner  of  Fisheries:  [OperationB  at  Woods  Hole.]  Report,  1884 
(1886),  p.  XV;  1885  (1887),  p.  LXXVIII;  1886  (1889),  p.  XXXIX-XL;  1887 
(1891),  p.  XVI-XVIl;  1888-89  (1892),  p.  XXIV-XXV;  1889-1891  (1893),  p. 
24-28;  1892  (1894),  p.  XXIV-XXVII;  1893  (1895),  p.  88-90;  1894  (1896),  p.  27-29 ; 
1895  (1896),  p.  18-22;  1896  (1898),  p.  27-31;  1897  (1898),  p.  XXXVI-XXXVII ; 
1898  (1899),  p.  LIl-LXI;  1899  (1900),  p.  LVI-LVIII;  1900  (1901).  p.  45-47;  1901 
(1902),  p.  36-38;  1902  (1904),  p.  36-37. 

—  rSelection  and  description  of  site.]    Report,  1881  (1884),  p.  XXXVII-XL. 

—  Gongreesional  action  in  regard  to  the  Woods  Hole  station.]    Report,  1882 
(1884),  p.  LXI. 

—  [Permanent  sea-coast  station.]    Report,  1882  (1884),  p.  XXXVII-XLI. 

Description  of  Woods  Hole.]    Report,  1883  (1885),  p.  LIII-LVI. 


MICHIGAN. 


Clark,  Frank  Nelson:  Report  of  operations  at  the  Michigan  stations  of  the  U.  8. 
Fish  commission  for  the  year  1886-87.    Report,  1886  (1889),  p.  729-736. 


ALPENA. 


Clark,  Frank  N.:  Description  of  the  U.  S.  fish  hatchery  at  Alpena,  Michigan. 

BnUetin,  1882  (1883),  vol.  II,  p.  388. 
[Report  on  operations  at  Alpena.]    Report,  1880  (1883),  p.  568-572;  1882 

(1884),  p.  815-817;  1883  (1885),  p.  978-979;  1884  (1886),  p.  151-167;  1885  (1887), 

p.  121-129. 
-  rFiah-cultural  operations  at  Alpena.]    Report,  1894  (1896),  p.  42-43. 


XT.  8.  Commissioner  of  Fisheries:  [Operations  at  Alpena.]  Report,  1883  (1885), 
p.  XXV;  1884  (1886),  p.  XVI;  1885  (1887),  p.  XXIII;  1886  (1889),  p.  XLI: 
1887  (1891),  p.  XXII;  1888-89  (1892),  p.  XXXll;  1889-1891  (1893),  p.  42;  1892 
(1894),  p.  XLVI-XLVII;  1895  (1896),  p.  35-36;  1896  (1898).  p.  54^5;  1897  (1898) 
p.  LVI-LVII;  1898  (1899),  p.  LXXXI;  1899  (1900),  p.  LXXX-LXXXI. 

[Establishment  of  station.]    Report,  1882  (1884),  p.  XXV. 

Worth,  Stephen  a.:  [Operations  at  Alpena.]    Report,  1893  (1895),  p.  105-106. 

CHABLEVOIZ. 

XT.  8.  Commissioner  of  Fisheries:  [Substation  established.]  Report,  1903  (1905), 
p.  13. 

NORTHVILLE. 

Clark,  Frank  Nelson:  Account  of  operations  at  the  Northville  fish-hatching  station 
of  the  United  States  Fish  comnussion,  from  1874  to  1882,  inclusive.  Bulletin, 
1882  (1883),  vol.  II,  5.  355-372  illus.  F12-373 

Report  of  operations  at  Northville  and  Alpena.    Report,  1880  (1883),  p. 

553-596:  1881  (1884),  p.  1037-1062;  1882  (1884),  p.  813-838;  1883  (1885),  p.  975- 
988:  1884  (1886),  p.  151-167  1885  (1887),  p.  121-129;  1886  (1889),  p.  729-736. 

Report  on  distribution  of  fish  and  eggs  from  Northville  and  Alpena  stations 

for  1885-86.    Bulletin,  1886  (1887),  vol.  Vl,  p.  395-399.  F18-618 

XT.  8.  Commissioner  of  fisheries:  [Purchase  of  station  and  all  facilities  from  Clark.] 
Report,  1880  (1883),  p.  XXVII. 

TOperations  at  Northville.]    Report,  1881  (1884),  p.  XLIV;  1882  (1884),  p. 

LXIV-LXVIII- 1883  (1885),  p.  LXXVI-LXXVII;  1884  (1886),  p.  LII-LIII; 
1885  (1887),  p.  LXXVII-LXXIX,  LXXXII;  1886  (1889),  p.  XXXI,  XXXII, 
XXXIII,  1887  (1891),  p.  XX-XXII;  1888-89  (1892),  p.  XXXI-XXXIl;  1889- 


(1901),  p.  64-70;  1901  (1902),  p.  57-61;  1902  (1904),  p.  53-58. 
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MINNESOTA. 
DUIfUTO. 

U.  S.  Ck>ximii«doner  of  Fisheries:  [Establiflhrnent  of  station.]  Report,  1887  (1891), 
p.  XXXIV.  

fOperations  of  station  at  Diiluth.]    Report,  1888-89  (1892),  p.  XXXIII- 

XXXIV;  188^1891  (1893),  p.  43-44;  1892  (1894),  p.  XLVII-XLIX;  1893  (1895). 
p.  106-108;  1894  (1896),  p.  44;  1895  (1896),  p.  36;  1896  (1898),  p.  55-56;  1897 
(1898).p.LVII-LlX;  1898(1899),p.LXXXI-LXXXII;  1899  (1900),  p.  LXXXl- 
LXXXII;  1900  (1901),  p.  70-71;  1901  (1902),  p.  60-62;  1902  (1904),  p.  58. 

HOMER. 

U.  8.  Ck>mmissioner  of  Fisheries:  [Site  purchased  and  construction  begun.] 

Report,  1910  (1911),  p.  11. 
[Completion  of  buildings.]    Report,  1912  (1914),  p.  65. 


MISSISSIPPI:   TUPELO. 

U.   8.   Commissioner  of  Fisheries:  [Selection  of  site.]    Report,  1902  (1904),  p. 
15-16. 

Purchase  of  site.]    Report,  1903  (1905),  p.  13. 

[Progress  of  construction.]    Report,  1904  (1905),  p.  14. 

MISSOURI:   NEOSHO. 

McDonald,  Marshall:  [Report  in  reference  to  the  establishment  of  a  fish-cultunl 
station  of  the  U.  S.  Fish  commission  in  southwest  Missouri.]    Report,  1887  ( 


p.  XXXI-XXXIII. 

U.  8.  Commissioner  of  Fisheries:  [Operations  at  Neosho.]  Report,  1888*^  (1892). 
p.  XXXIV;  1889-1891  (1893),  p.  45-47;  1892  (1894).  p.  L-LIV;  1893  (1895),  p. 
110-117;  1894  (1896),  p.  45-47;  1895  (1896),  p.  38-41;  1896  (1898),  p,  59-62;  18$7 
(1898),  p.  LIX-LXI;  1898  (1899),  p.  LXXXV-LXXX\'II;  1899  (1900),  p. 
LXXXVII-LXXXIX;  1900  (1901),  p.  77-79;  1901  (1902),  p.  65-66;  1902  (1904), 
p.  64-65. 

MONTANA:    BOZEMAN. 

U.  8.  Commissioner  of  Fisheries:  [Establishment  of  station  at  Boseman.]  Re- 
port, 1893  (1895),  p.  7-8. 

[Brief  mention.]    Report,  1894  (1896),  p.  8;  1895  (1896),  p.  2. 

fOperations  at  Bozeman.]    Report,  1897  (1898),  p.  LXV-LXVI;  1898  (1899), 

p.  XCI-XCII;  1899  (1900),  p.  XCI-XCII;  1900  (1901),  p.  8a-85;  1901  (1902),  p. 
73-74;  1902  (1904),  p.  69-71. 

NEW   HAMPSHIRE:    NASHUA. 

U.  8.  Commissioner  of  Fisheries:  [Selection  of  site.]  Report,  1899  (1900),  p- 
XXVII. 


—  [Operations  at  Nashua.]    Report,  1900  (1901),  p.  42-43;  1901  (1902),  p.  34<3d: 
1902  (1904),  p.  34-36. 

NEW   JERSEY. 
DELAWARE   RIVER. 

U.  8.  Commissioner  of  Fisheries:  [Operations  on  Delaware  River.]  Report,  1892 
(1894),  p.  XXVIII-XXIX;  1893  (^1895),  p.  90;  1894  (1896),  p.  28-29;  1895  (1896). 
p.  22;  1896  (1898),  p.  33-37;  1899  (1900),  p.  LIX-LX;  1900  (1901),  p.  49;  1901 
(1902),  p.  42-43;  1902  (1904),  p.  39-40. 

QLOUCBSTER  CnT, 

U.  8.  Commissioner  of  Fisheries:  [Operations  at  Gloucester  City.]  Report,  1885 
(1887),  p.  XCIII-XCIV;  1889-1891  (1893),  p.  28-29. 
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NEW   YORK. 

GAPE  VINCBNT. 


TT.  8.  CommiMioner  of  Fisheries:  [Cape  Vincent  selected  aa  site.]    Report,  1B94 

(1896),  p.  18. 
[OpcrotionBat  Cape  Vincent.!    Report,  1896  (1898),  p.  32-33;  1897  (1898),  p. 

X3aX-XXX;  1898  (1899),  p.  XLVII-L;  1899(1900),  p.  LI-LIII;  1900  (1901), 

p.  47-49;  1901  (1902),  p.  3842;  1902  (1904),  p.  38-39. 

COLD  8FBINO  HARBOR. 

lfathisr,gred:  Account  of  earn  repacked  and  shipped  to  foreign  countries,  under  the 


direction  of  the  U.  8.  FSti  conunission.  Report,  1882  (1884),  p.  809-812;  1883 
(1885),  p.  97a-974;  1884  (1886),  p.  143-150;  1885  (1887^,  p.  117-120;  147-150; 
1886  (1889),  p.  829-831. 

Report  of  operations  at  Cold  Spting  Harbor,  Long  Island.    Report,  1884 


(1886),  p.  129-142;  1885  (1887),  p.  109-115;  1886  (1889),  p.  721-728. 
Rq>ort  of  the  hatching  operationB  at  Cold  Spring  Harbor,  New  York,  during 

the  season  of  1884-85,  and  the  distribution  in  the  spring  of  1885.    Bulletin,  1885 

(1885),  vol.  V,  p.  469-472.  F18-512 

TT.  8.  Commissioiier  of  Flshezies:  [Use  of  State  hatchery  at  Cold  Spring  Harbor 

by  U.  S.  Fish  commiflBionJ    Rwort,  1883  (1885),  p.  XIX;  1884  (1886),  p.  XVI; 

1885  (1887),  p.  XXIII-XXIV;  1886  (1889),  p.  XLI;  1887  (1891),  p.  XXVIII; 

1888-89  (1892),  p.  XXV,  1889-1891  (1893),  p.  28;  1892  ( 1894),  p.  XXVII-XXVIII. 

ROSLYN. 

Xatlier,  Fred:  Report  upon  the  hatching  and  distribution  of  Penobscot  and  land 
locked,  or  schoodic,  salmon  in  the  spring  of  1882.    Report,  1882  (1884),  p.  873>-877. 

TJ.  8.  Commissioner  of  Fisheries:  fUse  of  Chapham's  establishment  for  hatching 
sahnon.]    Report,  1882  (1884),  p.  tXVIII-LXlX. 

NORTH   CAROLINA. 

AVOCA. 

ICilxier,  James W.:  [Work at  Avocastation  during  1878.]    Report.  1878 (1880),  p.  617- 
Tanner,  Zera  Luther:  [Work  of  the  Fish  Hawk  at  Avoca.J    Report,  1881  (1884), 

p.  59-60. 
TT.  8.  Commissioner  of  Fisheries:  [OT)eTatiQns  at  Avoca  station.]    Report,  1881 

(1884),p.  XLIX. 

BDBNTON. 

TT.  8.  Commissioner  of  Fisheries:  [Selection  of  site.]    Report,  1899  (1900),  p. 

XXIX-XXX. 
[Operations  at  Edenton.]    Report,  1900  (1901),  p.  57-59;  1901  (1902),  p.  50-52; 

1902  (1904),  p.  47-48. 

WELOON. 

TJ.  8.  Commissioner  of  Fisheries:  [Joint  operations  by  State  and  U.  S.  Fish  com- 
mission.]   Report,  1884  (1886),  p.  XLVnl. 

OHIO. 

PUT-IN   BAY. 

TT.  8.  Commissioner  of  Fisheries:  [Operations  at  Put-in  Bay.]    Report,  189^1891 
(1893),  p.  38^39;  1892(1894),p.  XL-XLII:  1893  (1895), p.  100-102;  1894(1896),] 
-_   ;  1896  (1898). p.  49-51:  1897  (ir ^"    ^^ 


)\  1895(1896).  p.  31-32;  1896  (1898), p.  49-51:  1897  (1898),  p.  LIII-LIV;  1898 
I),  p.  LXX-LXXXI,  pi.  Xlil-XVI;  1899  (1900),  p.  LXXI-LXXVI;  1900 
),  p.  60-63;  1901  (1902),  p.  55-57;  1902  (1904),  p.  50-53. 


37-40:  1895  (189( 

(1899 

(1901 


SANDUSKY. 


TT.  8.  Commissioner  of  Fisheries:  [Use  of  State  hatchery  by  U.  S.  Fish  commission.] 
Report,  1888-89  (1891),  p.  XXIX-XXX;  1889-1891  (1893),  p.  37. 
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OREGON. 

BAKER  LAKB. 

TT.  8.  CoxxmiiBflioner  of  Fukheries:  [Selection  of  site.]    Report,  1899  (1900),  p.  XXIX. 
[Deecription  of  hatchery  and  operations  for  1900. J    Report,  1900  (1901),  p. 

96-97. 
[Report  of  operations  for  1901.]      Report,  1901  (1902),  p.  8a-«4;  1902  (1904), 

p.  81-82. 

CI4ACKAICAB. 

Hubbard,  W.  F.:  Report  of  the  salmon-hatching  operations  in  1878  at  ClackamM 

hatchery.    Report,  1878  (1880),  p.  771-772. 
Stone,  Livingston:  Report  of  operations  at  the  salmon-hatching  station  on  the 

Clackamas  River  in  1877.    Report,  1877  (1879),  p.  783-796.  F16-I17 

TT.  8.  Conuniasioner  of  Fishezies:  [Establishment  of  station.]    Report,  1878  (1880), 

p.  XXVII. 
[New  station  proposed  on  the  Clackamas  River,  Oregon.]    Report,  1886  (1889), 

p.  XLIX. 
[Operations  at  Clackamas  stotion.]    Report,  1878  (1880),  p.  XXVII;  1887 

(1891),  p.  XIX-XX;  1888-^9  (1892),  p.  XXXVI-XXXVII;  1889-1891  (1893). 

p.  52-53;  1892  (1894),  p.  LIX-LX;  1893  (1895),  p.  121-122;  1894  (1896).  p.  51: 

1895  (1896),  p.  48;  1896  (1898),  p.  69-70;  1897  (1898),  p.  LXIX-LXX;  1898 

(1899),  p.  XCfVII-€;  1899  (1900),  p.  XCIII-XCIV;  1900  (1901),  p.  91-92;  1901 

(1902),  p.  78-80;  1902  (1904),  p.  75-77. 

ROOUB  BITER. 

V.  8.  Commimiioner  of  Fiaherlea:  [Selection  of  site.]    Report,  1898  (1899),  p. 
CI-CII. 

[Operation  of  station  J    Report,  1901  (1902),  p.  78. 

[Station  reopened.]    Report,  1900  (1901),  p.  92-94. 

SALMON  RIVEB. 

V,  8.  CommiflBioner  of  Fiaheries:  [Selection  of  site  for  auxiliary  stittion.]    Report, 

1897  (1898),  p.  LXX-LXXI. 

[Operations  at  Salmon  River.]    Report,  1898  (1899),  p.  CI;  1899  (1900),  p. 

XCIV-XCV. 

SIUBLAW  RIVER. 

IT.  8.  OoznxnioBioner  of  Fiaheries:  [Operation  of  hatchery  near  Mapleton,  Oreg., 
by  U.  S.  Fish  commission.]    Report,  1898  (1899),  p.  CIV. 

UPPER  CLACKAMAS. 

TJ.  8.  Conuniasioner  of  Fiflheries:  [History  of  station.]    Report,   1898  (1899), 

p.  XCIX-C. 
[Operations  of  station.]    Report,  1899  (1900),  p.  XCIV. 

PENNSYLVANIA:   BRISTOL. 

v.  8.  Commiasioner  of  Fiaheriea:  [Use  of  Pennsylvania  State  hatchery.]    Report, 

1898  (1899),  p.  LIX. 

SOUTH  CAROLINA:  ORANGEBURG. 

v.  8.  Conuniasioner  of  Fiaheries:  [Selection  of  site.]    Report,  1912  (1914),  p.  64. 
[Purchase  of  site.]    Report,  1913  (1914),  p.  69. 

SOUTH  DAKOTA:   SPEARFISH. 

XT.  8.  Conuniasioner  of  Fiaheries:  [Selection  of  site.]    Report,  1897  (1898),  p.  V!' 

[Purchase  of  site.]    Report,  1898  (1899),  p.  XXVI. 

[Operations  at  Spearfish.]    Report,  1900  (1901),  p.  81-^;  1901  (1902),  p,  71-72; 
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TENNESSEE:    ERWIN. 

V.  B.  CtommiMioner  of  FUherieB:  [Act  of  August  5,  1892,  authorizing  the  estab- 
lishment of  the  station.]    Report,  1894  (1896),  p.  18. 

[Selection  of  site.]    Report,  1897  (1898),  p.  XV. 

JCtoerations  at  Erwin.]    Report,  1898  (1899),  p.  LXVII-LXX;  1899  (1900),  p. 

LXIX-LXXI;  1900  (1901),  p.  59-60;  1901  (1902),  p.  62-^;  1902  (1904),  p.  48-49. 

TEXAS:   SAN   MARCOS. 

IT.  8.  GommiMdoiier  of  Fisheries:  [Selection  of  site.]  Report,  1892  (1894),  p. 
LXIII. 


-  [Donation  of  site.]    Report,  1893  (1895),  p.  7 

-  [Operations  at  San  Marcos.]    Report,  1897  (1 


^_^ ,      -.  --,  — -  (1898),  p.  LXI-LXII;  1898  (1899), 

p.  liXXVII-LXXXVIII;  1899  (1900),  p.  LXXXV-LXXXVIII;  1900  (1901), 
p.  7^77;  1901  (1902),  p.  67-69:  1902  (1904),  p.  62-64. 

—  [Closure  of  hatchery  at  San  Marcos.]    Report,  1917  (1919),  p.  77-78. 

—  [Station  reopened.]    Report,  1918  (1920),  p.  10. 


UTAH:   SPRINGVILLE. 
XT.  B.  Oammissioner  of  Fisheries:  [Selection  of  site.]    Report,  1914  (1915),  p.  75. 

VERMONT. 
HOLDBN. 

IT.  B.  OommiMioner  of  Fisheries:  [Purchase  of  land  for  auxiliary  station.]  Re- 
port, 1910  (1911),  p.  11. 

ST.  JOHNSBUBT. 

XT.  B.  Commissioner  of  Fisheries:   [Selection  of  site.]    Report,  1898  (1896),  p.  6. 

[Construction  of  station.]    Report,  1894  (1896),  p.  2. 

[Operations  at  St.  Johnsbury  J    Report,  1895  (1896),  p.  16-17;  1896  (1898),  p. 

21-24;  1897  (1898),  p.  XXV-XXlX;  1898  (1899J,  p.  XLV-XLVIII;  1899  (1900), 
p.XLVIII-LI;  1900 (1901),  p.  39-42;  1901  (1902),  p.  31-33;  1902  (1904),  p.  32-34. 

VIRGINIA. 

OUMSTON. 

XJ.  8.  Cknmnissioner  of  Fisheries:  [Operations  of  baiges  on  the  Potomac  River  in 
1881.]    Report,  1881  (1884),  p.  XLIX. 

QUANTICO. 

XT.  8.  Commissioner  of  Fisheries:  [Operations  at  Quantico.]  Report,  1882  (1884), 
p.  LXXII;  1883  (1885),  p.  LXXXlfl-LXXXIV. 

WYTHBVILLB. 

lIeI>onald,  Marshall:  Report  of  operations  at  the  trout-breeding  station  at  Wythe- 
ville,  Va.,  fiom  its  occupation  in  January,  1882,  to  June  30,  1887.  Report,  1885 
(1887),  p.  103-108;  1886^1889),  p.  793-800.  Fll-258 

TT.  8.  Conimissioner  of  fisheries:  [Operations  at  Wytheville.]  Report,  1898 
(1899),  p.  LXVl-LXVII;  1899  (1900),  p.  LXVI-LXIX;  1900  (1901),  p.  55-67; 
mi  (1902),  p.  47-50;  1902  (1904),  p.  45-47. 

-*  ■  •       .,..%.*.».  .n     '  .      transfer  of  station  from 


[Act  passed  by  the  Virginia  Legislature  authorizing 

State  to  United  States.]    Raport,  1898  (1899),  p.  XXVII 
[Operations  of  State  hatchery  by  U.  S.  Fish  comnr 


ery  by  U.  S.  Fish  commissioner.]    Report,  1882 
.  XXV;  --^-^ '""    '™  ' 


Mh  p.  XVIII;  1883  (1885),  p.  XXV:  1884  (1886),  p.  XVI;  1885  (1887),  p 
™:in;  1886  (1889),  p.  XLI;  1887  (1891),  p.  XXlI-XXIII;  1888-89  (1892),  p 
XXIX;  1889-1891  (1893),  p.  3fr^7;  1895  (1896),  p.  29-31;  1896  (1898),  p.  47-49; 
1897  (1898),  p.  LI-LII. 


Digitized  by 


Google 


110  U.  S.   BUREAU   OF  FISHERIES. 

WASHINGTON. 
BIO   WHTTB   SALMON. 

XT.  8.  Commindoner  of  Fisheries:   [Operations  at  Big  White  SaLmon.]    Report, 
1902  (1904),  p.  80-81. 

BIRDSVIBW. 

TT.  8.  CommiBaioner  of  Fiaheries:  [Purchase  of  land.]    Report,  1911  (1913),  p.  62. 

BRINNON. 

TJ,  8.  Commioaioner  of  of  Fiahexiea:  [New  station  operated  on  the  Dusenwallops 
River.]    Report,  1913  (1914),  p.  13. 

DARBINQTON. 

XT.  8.  CoxmniBsioner  of  Fiaheries:   [Field  station  established  on  the  Sauk  River] 
Report,  1913  (1914),  p.  13. 

DUCEABU8H. 

TJ,  8.  ComxniBsioner  of  Fiaheries:   [Selection  of  site  and  completion  of  buildings.] 
Report,  1911  (1913),  p.  62. 

EAGLE   CBEEK. 

XT.  8.  Commissioner  of  Fiaheries:  [Operated  as  auxiliary  of  Little  and  Big  White 
Salmon.]    Report,  1903  (1905),  p.  38. 

LrrTLB   WHITE   SALMON. 

XT.  8.  Commiaaioner  of  Fiaheriea:    [Selection  of  site.]    Report,  1897  (1898),  p. 

LXXI— LXXI I 
[Operations  at  Little  White  Sahnon.]    Report,  1898  (1899),  p.  CII-CIV;  1899 

(1900),  p.  XCV;  1900  (1901),  p.  94-96;  1901  (1902),  p.  81-^;  im  (1904),  p.  79-80. 

QUnX^ENE   RIVEB. 

XT.  8.  Commiaaioner  of  Fiaheries:  [Selection  of  site.]    Report,  1911  (1913),  p.  62. 

QUINIAULT  LAKE. 

XT.  8.  Commissioner  of  Fiaheries:  [Location  of  new  field  station.]    Report,  1915 
(1917),  p.  8. 

SULTAN. 

XT.  8.  Commiaaioner  of  Fiaheriea:  [Held  station  established  on  Elwell  Creek.] 
Report,  1913  (1914),  p.  13. 

TANNER  CBEEK. 

XT.  8.  Commissioner  of  Fiaheries:  [Operated  as  auxiliary  of  Little  and  Big  Wbita 
Sklmon.]    Report,  1903  (1905),  p.  38. 

WEST   VIRGINIA:    WHITE   SULPHUR   SPRINGS. 

XT.  8.  Commiaaioner  of  Fiaheriea:  [Selection  of  site]    Report,  1902  (1904),  p.  lo 
[Construction  of  station.]    Report,  1903  (1905),  p.  12. 

WYOMING:    SARATOGA. 

XT.  8.  Commiaaioner  of  Fiaheriea:  [Selection  of  site.]    Report,  1912  (1914),  p.  ^- 
[Purchase  of  land  for  site.]    Report,  1914  (1915),  p.  76. 
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WORK  OF  BUREAU'S  CARS. 

Bastmaa,  Vnoik  S.:  DescriptLon  of  the  U.  S.  Fish  commiaBion  car  No.  2,  designed 
for  the  dutribution  of  young  fish.    Report,  1882  (1884),  p.  39-41 ,  pis. 

BUia,  J.  Frank:  The  transportation  of  Uah  and  fish  eggs.  Report,  1897  (1898),  p. 
239-244;  also  in  Manual  of  fish-culture,  rev.  ed.,  1900,  p.  239-244. 

McDonald,  Marshall:  Summary  of  distribution  of  fish  by  one  car  during  the  past 
season.    Bulletin,  1883  (1883),  vol.  Ill,  p.  295.  F18^138 

Stone,  livingston:  [Califomia  aquarium  car.]    Report,  1873-74  and  1874-75  (1876), 

£.  386-390. 
.  OonuniBsioner  of  Fishexies:  [Car  and  messenger  service.]  Report,  1894 
(1896).  p.  52;  1896  (1898)^.  71;  1897  (1898),  p.  XIX;  1898  (1899),  p.  XXXIV- 
XXXVI;  1899  (1900),  p.  XLII;  1900  (1901),  p.  16;  1901  (1902),  p.  9;  1902  (1904), 
p.  10;  1903  (1905),  p.  10;  1904  (1906),  p.  ^7;  1906  (1907),  p.  8;  1906  (1908),  p.  8; 
1907  (1909),  p.  8. 

[Description  of  car  No.  1.]    Report,  1881  (1884),  p.  XLII;  1882  (1884),  p.  XXX; 

1883  (1885),  p.  XXXVI. 
[Description  of  car  No.  2.]    Report,  1882  (1884),  p.  XXX;  1883  (1885), 

^[Constructed  in  1884.]    Report,  1884  (1886),  p.  XXIII. 

Cars  1,  2,  and  3.]    Report,  1885  (1887),  p.  XXXIII-XXXIV. 

Trip  of  car  No.  3,  to  Michigan.]    Bulletin,  1885  (1885),  vol.  V,  p.  106. 

First  use  of  car  for  hatching,  Lambertville,  Pa.]    Report,  1885  (1887),  p. 

XCIV. 

[New  transportation  car  No.  5.]    Report,  1899  (1900),  p.  XXXI. 

[Car  3  utilized  as  hatchery  on  St.  Johns  River.]    Report,  1897  (1898),  p.  XIX. 


FISH  CULTURE  BY  COUNTRIES. 

UNITED   STATES. 

GENERAL. 

Blaekford«Bugene  Q.:  Opening  remarks  of  the  chairman  of  the  fish-cultural  section 
of  the  Fisheries  Congress.    Bulletin,  1893  (1894),  vol.  XIII,  p.  191. 

Borodine,  N.:  Statistioil  review  of  fish  culture  in  Europe  and  North  America. 
Bulletin,  1893  (1894),  vol.  XIII,  p.  193-196.    Doc.  t54  issued  June  9, 1894. 

F12-183 

Bwart,  J.  Cesser:  [A  Scotch  view  of  our  methods.]  Bulletin,  1885  (1885),  vol. 
V,  p.  83. 

Harding,  (Warrick  M.:  Suggestions  to  fish  culturists.  Bulletin,  1881  (1882),  vol.  I, 
pTSK-Se.  F18-17 

Hulnrecht,  Ambroaitui  Arnold  Willem:  Fish  culture  as  seen  at  the  London  exhibi- 
tion, with  special  references  to  its  history,  apparatus,  and  the  methods  used  in  the 
United  States.    BuUetin,  1883  (1883),  vol.  Ill,  p.  337-348.  F12-397 

Malmgren,  A.  J.:  [Fish  culture  in  the  United  States.]  Bulletin,  1883  (1883),  vol. 
in,  p.  363-382. 

Milner,  James  W.:  The  progress  of  fish  culture  in  the  United  States.  Report, 
1872-73  (1874),  p..523-558,  pi.  XIV-XV.  F15-116 

Nordqvist.  Oscar:  Some  notes  about  American  fish  culture.  Bulletin,  1893  (1894), 
vol.  XlII,  p.  197-200.    Doc.  255  issued  June  9,  1894.  F12-183 

Stone,  livingston:  Some  brief  reminiscences  of  the  early  days  of  fish  culture  in 
the  United  States.  BuUetin,  1897  (1898),  vol.  XVII,  p.  337-343.  Doc.  891  issued 
Aug.  8,  1898.  F12-110 

Summary  of  reports  for  1878  by  State  fish  commissioners  respecting  the  increase  of 
food  fishes  by  artificial  propagation.    Report,  1878  (1880),  p.  925-943.      F16-187 

XT.  8.  Bureau  of  Fisheries:  Reports  of  speqal  conferences  with  the  American  fish 
culturists  association  and  State  commissioners  of  fisheries.  Report,  1872  and 
1873  (1874),  p.  757-773. 

ALASKA. 

Faasett,  Btazry  COlfford:  [The  Karluk  hatchery.]  Bulletin,  1901  (1902),  vol.  XXI, 
p.  331-348,  illus.,  pi.  XXXII-XXXIV. 

ARIZONA. 
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